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PATRON 

His Excellency Sir Harry Haif>’, K.C.S.I., C.I.E., I.C.vS. 
The Governor of t he United Vrorineva of Aura nnd Ondh. 

HONY. I-'ICLROWS 

The Hon’ble Sir J. P. vSrivastavn, Kt., l\I.*Sc. (Tech.) 
The Minister of lidnealio/t, 

The United Urovinres of Atjrd iiikI G/tdh. 

Pandit Madaii Mohan Malaviya, EL.D., 
Viee-Chnneellor, 

Itenares Hindu Unirersiti/, I tenures 

ISENPA'ACTOR 
The V iee-( inmeettor, 

Att(dn/hfid Unirersitij, Allalnihad 


ANNUAL MEETING 

The Annual Meetin}> of the Ae.ademv of Seience.s wa.s hehl in the 
Vizianagram Hall, Muir College Huildings, Allahahad, at on 

Thursday, December 19, Hi.s Exeellencv Sir flarrv llaig, K.C.S.l., 

C.I.E., LC.S., Governor of the (Jiiitetl Provinces of Agra and Oiitlli and 
Patron of the Academy, presided over the function. Dr. P, L. Srivastav.i, 
the General Secretary, read tlie Annual Reiiort of the Academv of 
Sciences, U.P. 

Prof. N. R. Dhar, the Pre.sident <d' the Academv, reati his address. 
His Excellency Sir Harry Haig, then, lielivered his .address. 

The Hon’ble Sir Shah Mohammad Sulaiman, Kt., .M.A, DL.D., 
proposed a vote of thanks to Ilis E.vcellencv the Patron .and 
Prof. K. N. Bahl seconded the vote. 



Secretaries* Report 

Presented at the Annual Meeting of the Academy on December 19, 1935 

BY 

Dr. P. L. SRIVASTAVA. 

We have the honour to submit the following report of the working of the Academy 
during the period beginning from the 1st of January, 1935, and ending up to date. 

The Fourth Annual Meeting of the Academy of Sciences of the United Provinces 
of Agra and Oudh was held in the Physics Lecture Theatre, Muir College Buildings, 
Allahabad, at 3 p.m. on Wednesday, February 27, 1935. Dr. Sir L. L. Fermor, Kt.' 
O.B.E., D.Sc., A.R.S.M., M. Inst. M.M., F.G.S., F.A.S.B., F.R.S., Director, Geological 
Survey of India, and the President of the National Institute of Sciences of India, 
presided over the function. His Excellency Sir Harry Haig, the Patron of the 
Academy, and the Hou’blc Sir Jwala Prasad Srivastava, the Minister of Education, 
United llrovinces, sent nu'ssages for th(‘ occasion. 

We are glad to record the steady jirogress that the Academy is making both as 
regards its membershii) and the standard of its publications. The Academy has now 
on its rolls 175 mernliers, of whom 52 are non-resident members and 40 are Fellows 
of the National Institute of Sciences of India. The Journal of the Academy has 
r(H;civ(Ml good recognition in India as well as outside India. The articles published 
have been highly appreciated and profusely quot(!d in scientific journals all over the 
world and have been abstracted in all the important Science Abstracts. We are now 
receiving 125 Foreign and Indian scientific journals in exchange. 

The financial position of the Academy has not been quite sound. We are deeply 
grateful to the Government of the United Provinces of Agra and Oudh for the grant 
which wa have been receiving for the last four years. In the first year of its existence 
the Academy of Sciences, U. P., received a grant of Rs. 4,000 per annum and it 
was in the hope that this grant would he made a recurring one that this Academy 
began to function. In subsequent years, however, owing to financial stringency, the 
Government has been giving us only Rs. 2,000 per annum. But now we hope that 
the Government will be pleased to sanction a recurring grant of Rs. 4,000. As for 
the present year we hope tliat this sum will be given to us from the savings. We 
are grateful to the Universities of Allahabad, Agra and Nagpur for the donations of 
Rs. 500, Rs. 250, ami Rs. 100 respectively. We are also grateful to Sir Shah 
Mohammad Sulaiman, Kt., Chief Justice, High Court of Judicature, Allahabad, for a 
donation of Rs. 250 to the Academy, and to Pandit Iqbal Narain Gurtu, Vice- 
Chancellor, Allahabad University, for a donation of Rs. 100 this year. 

We have l)een able to publish five issues of our Proceedings during the year 
1935. Although we have increased the number of pages of the last two issues of our 
Pnxjeediugs, we have not been al)le to print all the papers read before the Academy 
which were foimcl suitable for publication in the Proceedings by eminent referees. 
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Unfortunately any attempt to increase the number of pages in any issue of tlie 
Proceedings or the number* of issues in a year has to be restricted on account of 
financial difficulties. Although there are many important foreign scientific societies 
eager to exchange our Proceedings witli their puhlications, we are nol iu a position 
to send our Proceedings to all of them, as tin; finances do not ])(‘rmil us to do so. 
For these reasons again we have not yet been abh* to organises |)ropi‘rly a Science 
Library. The need for a building of tlu‘ Acadtuuy, iu wliich we can liouse our 
library, which is rapidly increasing in siz(‘, and hold our meetings, is urgently felt. 
An appeal for raising money for this ])urpose was addressed to the universities 
of India, as a result of which we received tin' few donations mentioned above. This 
appeal will he repeated and will be addr(‘ss(*<l to big industrial concerns of this 
country and to Indian princes also, and wc shall make sustained efforts to raise 
the funds needed for this })urpose. With rlu‘ ludp of the Government, the Indian 


Universities, tlie industries of this coimtry, th<‘ hidian potentates and the generous 
public, we hope it will he possible for us to ('onslrm^t a suitable building for the 
Academy before long and to have sufficicml funds al our disposal to (mabl(‘ us to 
enlarge our activities. 

For reasons which will he explained by our president iu his |)iH‘si<l(‘utial address, 
we have formally transfornKxl ourselves into an All-India body, and our new mime 
would be ‘The National Academy of Sciences, India,’ An important change iu our 
Rules and Regulations is an increase in the numlau' of fellows from 30 to 150. 
of which 100 will be recommended by the Council during llie first year. 


In accordance A^ith the policy of the Academy to foster an atmos| 


^ — .....pnere ni ri'seanli 

all over the country it has been our idea all along to hold ordinary meetings of 
the Academy at places outside Allahabad. On November 9, 1955, a very sueeessful 
meeting of the Academy was held at laickuow. Th(‘ next rm^etiug would be ludd 
there in February, 1936. With the increase in the members of th(‘ Academy residing 
at other academic centres such meetings would l>e held at other jilaces also. 

The Education Minister’s Gold Medal has lieen awarded to Dr. Hikhibhushan 
Dutt, D.Sc.^ (London), Chemistry Department, Allahabad University, Allahabatb bis 
papers having been judged to be the best published on ‘ Cliemistry and Tetjlmology ’ 
in the Journal of the Academy. 

Two new fellows, viz., Sir Shah Mohammad Sulaiman, Kt., Chief Justice^ Allaha- 
bad High Court, and Dr. R. N. Ghosh, D.Sc., Physics Department, Allahabad Uni- 
versity, were elected in the Fellows meeting, dated the November 30, 1935. 

M resigned the post of the Assislanl hdiior, u,„| 

IVlr. Hrishikesha Trivedi was appointed in his place. 

^ We wish to express our thanks to the Omce-hcarers of the Aou,h,„y and the 

Members of its Council and to the Assistant Editor for tlicir ungrudging' help and 
active cooperation. in b j-, imp uno 



JlddresB of the S^resident 


Prof. N. R. DHAR, D.Sc. (Lend. & Paris), F.I.C., LE.S., 

At the Anniversary Meeting held on 19th December, 1935. 

Your Excrlt.knoy, Fetj.ows and Members of the Academy, Ladies and Gentlemen, 

My very first duty as the President of the Academy of Sciences is to offer a very 
hearty welcome to our Patron, His Excellency Sir Harry Graham Haig, K.L.S.L, to 
our Fifth Annual Meeting. His Excellency's presence at our Annual Meeting 
transforms this gathering of scientific men into a great ceremony. We are highly 
indel)ted to His Excellency and his Government for continuing the grant of 
Hs. 2,000 per annum to the Acadc^my and wc hope that it would again he raised lo 
Rs. 4,000, the amount initially granted to us. 

It is well known that this Academy of Sciences was tlie first lo ho estahlished in 
India with an All-India outlook with Fellows and Memhers rt‘siding ontsiih' tlie 
United Provinces of Agra and Oudh; hut it was not made an All-India institution in 
the beginning, in view of the fact that the Indian Science Congress took up the task 
of organizing an All-India Academy. Subsequent events have shown that this 
sacrifice of aspirations on our part and our cooperation with the Indian Science 
Congress has not helped the cBtablishment of an All- India Academy. The Indian 
Academy of Sciences at Bangalore established by a group of scientists, has been 
trying to convince others that it is the only All-India body, and has been non- 
cooperating with the central institution (National Institute of Sciences, India) formed 
under the aegis of the Indian Science Congress. As our sacrifice has brought no 
unity amongst the scientists in India, we have unanimously decided to form ourselves 
formally into an All-India institution and have accordingly changed our rules and 
regulations; this decision was taken by our Council as early as 193H. We shall, 
however, be always willing to cooperate with any other responsil)le l>ody in the 
formation of a central institution of a really All-India nature and shall gladly rcHn- 
quish our position for the cause of unity amongst scientists in India. 

AN IMPORTANT PROBLEM FOR THE INDIAN SCIENTISTS. 

Our first patron. His Excellency Sir William Malcolm Hailey, in his opening 
address to the Seventeenth Session of the Indian Science Congress in 1930 very rightly 
suggested that in order to have visible coordination with the public at large it is 
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necessary to direct at least partially th.‘ elTorls of our research workers lo prohlems 
of economic and utilitarian value. 

India being primarily an agricultural country, no other sciiutihc conttibution 
could be more valuable than that of solving tin* probhnn of lln‘ (.onservation ol tin* 
soil nitrogen and the fixation of atmospheric nitrogenr on which mainly clo the* 
fertility and crop yield of a soil depc'nd. I his is (‘V(‘n more true* fc)r India siiiec* tin* 
Royal Commission on Agricultnn* in India n*porlc*cl tfuit tin* Indian scuts 

are mainly deficient in combinc'd nilrogc'n and tin* rnanurial |)roblc*i'n in this (‘oinitry 
is chiefly that of nitrogem (l(‘ficic*n(‘y. 

The poverty of Indian pc'asants naturally r(*slric‘ls tin* use of arlilleia! mitmires 
to make up the deficiemey in thc'ir soil. An av(*rag(* Indian peasant, tln‘refore, hm 
only to depend on his farm-yard manure* ( c‘ow-<lung ) , oil cakes, gret‘n ntanurc*. etc. 

We have, after a serit^s of rt*searc‘h('s (*xt(‘nding over several yemr.s, (liseov<*n*tl an 
entirely new and at the same time t*ec>nomieaI nn*lliod of ‘M!ons<*rvation of the soil 
nitrogen and fixation of almosj)h(*ri(* iulrog<*n ' in tin* soil itsc'H hy tin* use* cd molasw*s, 
the chief by-product of the sugar industry, a prcnhiel whic'h at tin* pres(*n! monn*nl is 
simply allowed to go waste and cause* a grc*iil de‘al of nuisanee* to tin* vieinage* cd a 
sugar factory in this country. Molasses and [)rt*ssc‘,akc*. which is also a hy-prodtiel of 
the sugar industry and is entirely wasUnl at pr<‘st‘nl. have* ln*en suec*essfully ntili/,ed 
for reclamation of alkaline lands. These reclaimuig ag(*nls appear better than 
gypsum or powdered sulphur used all over the world, 

UTILISATION OF THE BY-PRODUCTS OF THE SUGAI? INDIIHI'RY. 

The manufacture of cane sugar is tin* senaunl Iarg<*st industry in India and is 
only next to the textile industry. Due* to tlu^ tarilT dulie‘s impcmcMl in P)M2, the 
multiplication of sugar factories in this eoimlry has ht‘t‘n pheruunemd, Indiii 
requires approximately 900, OOO tons of cane sugar pt*r year and the pre^sent cHit|mt 
is 800,000 tons. It seems, therefon^, that in the near future the* eoimlry will he 
self-sufficient regarding this important food material. 

One is, however, sorry to note that India lags behind the other sugar-produedng 
countries, notably Java, Hawaii and Queensland regarding the amount cd* sugar c*ime 
produced per acre of land under cultivation as is evident from the following rigurc‘s: 

Country. Sugar (*ane. 


India . . 

■ . . . 2,400 Ills, per 

Japan , . 

.. :i.;mo .. 

Egypt . . 

. . ;k;t7.‘! .. 

Java 

.. ll.OOi! .. 

Hawaii 

.. .. 1B.70<) 
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It mm%$ quite clear that if India has to stand foreign competition in 1946, when 
the tariff wall is likely to be removed, the cultivation of sugar cane in India must 
improve, as there is not much scope for improvement in the extraction of cane sugar 
from the juice in modern sugar factories. How can the cultivation of sugar cane be 
improved? The Indian peasant is proverbially poor and is unable to use artificial 
manures imported from foreign countries. 

A good deal regarding the future of the sugar industry in India depends on the 
proper utilization of the molasses, the chief by-product of the sugar industry. An 
average specimen of molasses contains 30 to 40 per cent cane sugar, 30 per cent invert 
sugar (glucose), 2 to 5 per cent potash, 2 per cent lime, about 0*5 per cent phosphoric 
acid, about 0*5 per cent combined nitrogen, and the rest water (16 to 20 per cent). 
At the present moment, nearly 600,000 toris of molasses are being turned out by 
various sugar factories in India and this large amount of molasses containing the 
sugar, potash, lime, })hosp!iate, and nitrogenous compounds, which are excellent 
fertilizers, is practically wasted. It would appear that if all the available sugar in 
the molasses could be extracted, about 400,000 tons of sugar with a selling price of 
about 10 crores of rupees would l)e available for the industry. 

From the industrial point of view, therefore, the utilization of molasses is a 
very important problem. The rapid ext)ansion of the Indian sugar industry lias 
increased the production of molasses to a great extent. Apart from the wastage, the 
final disposal of the molasses on pro|)er sanitary lines is at present a great problem 
for the sugar manufacturers in this country. It is a common one for all sugar- 
producing countries- *a |>roblem which has not so far been successfully solved *even 
by the scientists in great sugar-producing countries like Hawaii, Java, etc. 

MANUFACTURE OF POWER AI.COHOI.. 

It has been suggested that molasses could be utilized for preparing power alcoliol 
to b(i mixed with petrol as motor fuel. It has been established from researches 
carried on in France, Germany, England and other countries that under the best of 
conditions, not more than 23 jiin* ctuit of absolutely dry alcohol could lie added to 
p(4rol for ellicicuit working. Evtm if by l(‘.gislaliou, the use of power alcohol as 
u motor filed to mixeid with petrol is mad(‘ compulsory in India, only a small 
penumlagt^ of lh(^ total outiiut of molassi^s could lu^ utilized. Resides the actual 
preqiaralion of anhyilroiis alcohol is a difilcull ])ro(‘.css requiring elaborate machinery 
ami (^xpeu'l lalxnir. Thus in llu‘ United fh’ovinees 280,000 tons of molasst\s arc 
prudmuxl annually. It is estimated lhal I ton of molasses can produce 60 gallons of 
alcohol, d'he petrol cousumpliou of llu‘ United Provima^s is believeal to b(^ 7,000,000 
gallons. Hence, tlu‘ maximum arnoniil of pow<‘r uhaihol required for admixture with 
petrol is alioul 7,000,000, 5 1,100,000 gallons, /.e., in power alcohol only 9 p(U‘ cent 

of total iuolassi‘s prodmaa! (a>uld be utilised in lliesi* Proviuc(‘H. 
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ACETIC ACID 

It has also been found possible lo convert molasses into acetic a<’icl und actuates. 
It is a well-known process. Unfortunately th<‘ scope of the use of acelic! acid is highly 
limited in this country and the world j)roduclior! of lids continotlity is great«*r than llie 
demand. The Industrial Chendsi lf> the 11. lb Goverrmuml has slmwn that tndy US 
percent of the total yield of molasses in Imlia eoiild lx* divtuied in tin* maniifaeture of 
acetic acid. There is hardly any ust* of mannfaetiiring yeast from molasses, as this 
material is little used in India. 

POTASH FROM MOLASSES. 

Recently a patent has been laktai out in Calcutta hy Mr. \T. J, Aleoek in which 
the molasses is burnt u}) and l]u‘ asli e(mtaining potash is plae«al in the market as 
a manure. This is not a satisfactory proec'ss. as in its rnanufaeture tin* (mergy*rieh 
and useful carbohydrates ami eornhitual nitrogtai present in molasses arc* t‘omph*tely 
destroyed. The workers at Java and Allahabad have* found out tliat tin* sugars 
present in the molasscvs are the rc‘al factors in improving scdl IVrtility. Moreover. 
Dr. Voelcker in his report on the lm})rovem<‘iil of Indian Agricijllnrc* I IHdd) 
and the Royal Commission on Agrienllun* (P)2d) have* deflnitc‘!y stated that tim 
Indian soils in general do not reepdre* potasli as manure* and ecuilain nnna* poliisli 
than average English soils. Hence the mark(‘( for potash, which may he* obtidinxi b\ 
burning molasses, is very restricted. 

MOLASSE.S AS CATfLE FOOD. 

Molasses has Ikhui used as food lor tin* cattle. Sewenty to eighty |Uirts of lud 
molasses mixed with api)roximatc*Iy thirty to lv\(‘nty parts of dry sifted fine luigasse 
pith and mineral salts and proteins are addcxl to pcodmr a halanccxl rattle food in 
other countries. In this country ev(*n the die*! of human beings is mg yv\ standardised. 
Is it not futile to expect utilization of molassi‘s as a standard eatth* food? 

MOLASSES AND GLYCERINE. 

During the Great War. lYof. (., Neuherg of B<*rlifi (‘onvc*rted sugars into glycerine, 
which could be utilized in the manufacture* of Itigh cx|dosivc*s. llnforlumitt*!)' in 
normal conditions this process is unworkable as the cc^st of jirodiniton cd *dy<*c*rine 
from sugar is high in comparison with that olaaim*d in tin* smip irnbistry. 

MOLASSES AS FUEL 

In Ae Queensland mills as well as in several sugar»proclucing countries a large 
proportion of the molasses produced is liurnt mixed with the* luigasse as a fmd. But 
the factories in India are incapable of utilizing molasses as fm*b as spec*inl furnaces 
are required for such use. 

When molasses is burnt with bagasse, tin* resulting ash has very little value as 

a fertilizer, owing to the potash )>eing iiisoluhie. It app.^ars. therefore, llmt from the 
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economic j^oint of view the majority of the molasses produced in sugar-producing 
countries should be utilized in ways other than the above. 

MANURIAL PROBLEM IN INDIA. 

As has already been mentioned the Royal Commission on Agriculture in India 
(1928) reported that the Indian soils are mainly deficient in combined nitrogen 
and the manurial problem in India is in the main one of nitrogen deficiency. It is a 
well-established fact that for the healthy growth of a plant and a proper yield of 
crop, nitrogen compounds or combined nitrogen must be supplied to the soil. Just 
as animals require nitrogen compounds for their existence, the plants should also be 
fed with nitrogenous materials. The uncombined nitrogen present in the air is not 
directly absorbed by the majority of the plants, and cannot serve as a plant food 
material. In European and more advanced countries of the world, ammonium salts, 
urea, nitrates, cyan amide, etc. arc supplied to the soil as manure for the nitrogen 
need of |)lants and improving the crop yield. All these compounds form ammonium 
salts in the soil. The advanced nations are competing witli each other in the manu- 
facture of ammonium salts and nitric acid by the combination of the Haber-Bosch 
and Ostwald processes and it is no exaggeration to state that the standard of 
civilization of a country can he judged by the amount of nitrogen of the air fixed for 
the production of synthetic ammonia from tlie nitrogen of the air, just as in the past 
the amount of sulphuric acid or soap cotisumed formed a basis of the standard of 
tlie efficiency of a country. Tlie addition of ammonium salts to the soil largely 
improves the yield of crops and under favourable conditions the yield can be doubled, 
e.g., in Belgium the yield of wheat per acre is double that obtained in India. 

In India not a single firm exists for the fixation of the nitrogen of the air and 
naturally ammonium salts manufactured in other countries have to be used for the 
soil but the Indian peasant is too j)oor to utilize the imported and costly ammonium 
salts. They utilize farm yard manure (cow-dung), oil cakes, green manure, etc. 
All th(‘se sul)stances contain proteins or complex nitrogenous compounds. The 
proteins supplied to llie soil witli manure are first converted into ammonium salts, 
which in their turn combine with the oxygen of the air present in the soil forming 
nitrites. The nitrites are also oxidised (coml)ine with the oxygen of the air) to 
nitrates, which are the real riitrogcnous plant food material. The plants absorb 
nitrates from the soil and utilize them for the l)uilding of proteins or nitrogenous 
compounds in their bodies. Ammonium salts are very seldom and nitrites not at all, 
used up directly by plants. 

MOLASSES AS FERTILIZER. 

The experiments carried on in llie (diemical Laboratories of Allahabad University 
show conclusively that tlu^ combined nitrogen (that is the most important substances 
nec(‘ssury for i)Iant growth), e.g., ammonium salts and nitrates arc considerably 
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increased when molasses, the waste product of sugar factories m Induu m «d<le,l 
to the soil and the soil well-ploughed. It has already heet. staled that the .noluss..H 
contains a large percentage of carbohydrates. How is it that the addition -d .■arho- 
hydrates to the soil increases its combined nitrogen content? Just as earhidi yd rates 
on combination with the oxygen of the air supply energy to tlie animals, the oxidation 
of the carbohydrates added to the .soil with molu.sses sets free energy, vvhieh is 
utilized in the combination of atmospheric nitrogen utu! oxygen pre.setit in the soil 
leading to the formation of nitrates. The production of iiitrat.-s from air recpiires 
energy and this is supplied to the soil by the oxidation of the earholiydrutes added 
with molasses. The nitrates formed in this way on the addition of molasses to the 
soil, which has lieen well-ploughed, react with the carbohydrates with the formation 
of ammonium salts and traces of amino-acids and that is why an increase in the 
amounts of the ammonium salts is readily delected on the addition of molasses to the 
soil, which has been well-ploughed. The ammonium salts thus formed in tlie soil 
are exposed to light and air and form nitrates hy light uhsorplion and also by haeteriiil 
action. Thus the most important nitrogenous compound m-cessary for the }t!atit 
growth, i.e., nitrate is added to the soil, when molassi-s is used as manure. 

Researches carried on here show that when arnounls of molasses varying Irotii 
100 to 500 maunds (1 maund = 4() kilograms) per acre of soil are added alter mixing 
with water, they produce beneficial results in increasing the yield of crop in the 
case of rice, wheat, sugar cane, etc. Excellent results are obtained with molasses 
in the cultivation of rice. Thus, in our experiments, by the applieulion of M.tilKI 
kilograms of molasses per acre of land and digging and watering tlie soil oiiei> every 
week for two months (May and June, 10.'i5). ITl mautids of Au.i Paddy and 2fi'0 
maunds of straw were obtained in the molussed land, vvliile 1!T> muimds Paddy and 
22'4 maunds straw were grown in the control land. 


A NEW METHOD OF NITROGEN FIXATION AND CONSERVATION AND 
RECLAMATION OF ALKALI I.ANDS. 

In publications from this laboratory, it lias lieeii einpliasisi'd that light plays an 
important role in many oxidation processes taking place in the soil and that cliemiea! 
and not microbiah agencies may he active in tlie.se reactions (>■/. *' Inllueiice of Light 
on Some Biochemical Processes” hy N. R. Dhar, PTIS). 

For a number of years, we have been investigating the pliotocliemieul. catalytic 
and induced oxidations of energy-rich comjiounds like carholiyd rates, fats, proteins 
and amino-acids by passing air through their solutions or suspensions at the ordinary 
temperature. As energy is liberated in these oxidations, it is expected that nitrogen 
of the air is fixed and small amounts of ammonium salts are [irodtieeil In these 
experiments. 
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It is well known that the bacterial oxidation of energy-rich substances leads to 
the formation of ammonium salts in pure cultures as well as in the leguminous plants, 

It is of great interest to note that nitrogen fixation is also expected in the respira- 
tion of animals and plants, because in these processes energy is liberated in presence 
of a mixture of nitrogen and oxygen. 

We are carrying on a systematic investigation on these different types of 
nitrogen fixation and in this communication some of our results are recorded. 

This problem is of great importance as the Royal Commission on Agriculture in 
India (1928) reported that the Indian soils are mainly deficient in combined nitrogen 
and the manurial problerri in India is in the main one of nitrogen deficiency. 

As molasses, which is practically a waste product of sugar factories of India, 
is rich in carbohydrates, we have utilised this waste product in the fixation of 
atmospheric nitrogen in the soil. 

NITROGEN FIXATION IN THE PHOTO-OXIDATION OF CANE-SUGAR 
MIXED WITH STERILIZED SOIL IN QUARTZ VESSELS. 

The cane-sugar, the soil and the quartz vessels were sterilised in an autoclave 
for 2 * 1/2 hours at 20 lbs. pressure. In each experiment 25 c.c. of the sterile distilled 
water were added and the quartz vessels were exposed to sunlight. The mouths of 
the vessels were covered with plugs of sterile cotton wool. 

Method of Analysu.—Yor estimating the ammoniacal nitrogen present in the soil, 
50 grams of the soil which was dried in a steam oven was treated with 5 grams of 
pure potassium chloride and 5 grams of pure magnesium oxide and 50 c.c. of water 
and distilled for 6 hours on a water-bath and at the same time a rapid current of 
air purified by passing through a solution of ferrous sulphate ’and sulphuric acid 
was aspirated. The ammonia was absorbed in two flasks containing standard solutions 
of sulphuric acid. 

For the estimation of nitric nitrogen, the soil from which ammonia was removed 
by the previous procedure, w^s treated with one gram of Devarda’s alloy free from 
ammonia and nitrate and 25 c.c. of 1 per cent sodium hydroxide solution and left 
over night for the reduction of nitrite and nitrate to ammonia. When the reduction 
was complete, the ammonia set free was determined as in the first stage colorimetrically 
by Nessler’s reagent. 

The total nitrogen was estimated according to the method of Robinson; McLean 
and Williams (/. A^ric. ScL, 1929, 19 , 315) by heating 5 grams of well-dried and 
powdered soil with 20 c.c. cone, sulphuric acid, 5 grams fused potassium sulphate 
and a few crystals of copper sulphate for 4 hours. The ammonium sulphate thus 
formed was estimated as before. In this method the total carbon is also determined 
simultaneously by absorbing the sulphur dioxide produced in a standard iodine solu- 
tion, the excess of which is titrated against a standard thiosulphate solution. The 
sum of the ammoniacal and nitric nitrogen is known as available nitrogen and the 
F. ‘4 
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nitrogen obtained according to the modified Kjeldahl’s method is the total comliined 
nitrogen. 

The following results have been obtained: — 

Table I. 

Exposed to sunlight in February and March, 1935. 



Ammoniacal 

nitrogen. 

Nitric 

nitrogen 

Available 

nitrogen. 

Total 

nitrogen 

Total 

carbon 

Original soil 

0-0007.34% 

000.35% 

0-004234% 

004o8% 

0-6055% 

100 gms. soil+1 gm. 
cane sugar+ 50 cc. 
water exposed for 145 
hours in 250 c. c. 
quartz flask. 

0-00116 

0-00402 

0 00518 

0-0406 

0-7215 

100 gms. soil4-2 gms. 
cane sugar+50 c. c. 
water exposed for 
284 hours in 250 c. o. 
quartz flask. 

0001.5.5 

0-00.380 

0-00541 

0-O4H0 

1-2245 

100 gms. soil + 4 gms. 
cane sugar +50 c, o. 
water exposed for 
284 hours in 250 c. o, 
quartz flask. 

0-00175 

0-00386 

0-00601 

00486 

r7010 


Table II. 

Exposed to sunlight from 30th April to 15th July, 1935; total exposure for 4H0 hours. 


Original soil 

0-000902% 

0-00368% 

0-00458% 

00474% 

0-6349% 

50 gms. soil+2 gms. cane 
sugar +25 c. c. water 
in 250 c. c. quartz 
flask. 

0001646 

0-00396 

0-006606 

i 

0-04921 

1-686 

50 gms. soil+4 gms. cane 
pgar+25 c. c. water 
in 250 c.c. quartz 
flask. 

0-00143 

0-0036 

0-00493 

0-0619 

8012 

50 gms. soil+l gm. cane 
8ugar+25 c.c. water 
in a quartz boiling 
tube. 

0-001422 

0-0035 

0 004922 

0-06(» 

0-871 

60 gms. soil+4 gms. cane 
sugar+25 c. o, water 
in a quartz boiling 
tube. 

0001454 

0-00364 

0-006094 

0-064 

2-998 
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The foregoing results show that in all cases when cane sugar and sterile soil 
are exposed to light in quartz vessels, there is an appreciable increase in the total 
nitrogen and ammonia contents. It appears, therefore, that the energy set free in 
the photo-oxidation of sugars can fix atmospheric nitrogen in the soil. The researches 
of Palit and Dhar (c/. Dhar, 'Nevf Conceptions in Biochemistry, 1932) show that sugars 
are oxidised by air when exposed to sunlight. Recently J. C. Ghosh and P. C. 
Rakshit (/. Indian Chem. Soc,, 1935, 12 , 357) have obtained similar results. Further 
work in the fixation of nitrogen by the photo-oxidation of energy-rich compounds is 
in progress. 

NITROGEN FIXATION IN THE INDUCED AND CATALYTIC OXIDATION OF 

GLUCOSE OR CANE SUGAR. 

Air aspirated through two Woulf’s bottles one containing a solution of ferrous 
sulphate in sulphuric acid and the other concentrated sulphuric acid in order to 
removel the oxides of nitrogen and ammonia and to kill the bacteria, was passed 
through an Erlenmeyer flask containing a weighed amount of glucose or cane sugar 
and ferrous hydroxide obtained from 1 gram of ferrous sulphate and an equivalent 
amount of caustic potash. After passing air, the amount of ammonia formed was 
distilled off by adding alkali and heating; the distillate was absorbed in dilute 
sulphuric acid and the ammonium sulphate estimated colorimetrically by Nessler’s 
reagent. Two Erlenmeyer flasks containing dilute solutions of sulphuric acid were 
placed next to the flask containing the inductor, the last one for the absorption of 
ammonia from the atmosphere of the laboratory. The following experimental results 
have been obtained: — 

Table III. 


Glucose' taken. 

Glucose 

oxidised. 

Energy 
set free. 

NHs-N 

obtained. 

Energy- 

utilised. 

Efilcienoy. 

{a) 1 gm. 

0 08 gm. 

300 cab 

0*000332 gm. 

0*512 cab 

1 : 586 

(b) 0-5 „ 

0-064 „ 

240 „ 

0-000270 „ 

0-417 „ 

1 : 575 

(c) 0-5 „ 

with 1 gm. sodium 
phosphate 

0079 „ 

296 „ 

0-000334 „ 

0-515 

1:574 

Cane sugar taken. 

(a) 1 gm. 

Cane sugar 
oxidised 
0-04 

158 

0-000245 

0-378 

1:418 

{b) 0-5 „ 

0-0374 

148 

0-000241 

0-372 

1:398 

5 V 

with 1 gm. scKlium 
phosphate. 

0-0716 

283 

0-000462 

0-713 

1:396 
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The results recorded in the foregoing table show that the induced (txidation oi 
glucose or cane sugar by passing air in the absence of bacteria leads to the lormation 
of ammonia. Using an one per cent solution of glucose, 4 milligrams of nitrogen 
is fixed per gram of glucose oxidised by induction, whilst 4T)8 milligrams of nitrogen 
are fixed per gram of mannite in its bacterial oxidation (c/. Waksman Soil Micro- 
biology,” 1927, p. 569). Similar result.s, /’.c., 4 milligramH of nitrogen fixation has 
been observed in the induced oxidation of one gram of cane sugar as against 5'9 
milligrams in the bacterial fixation (c/. Lohni.s and Pillai, Ccntrhl, Bukt., 1908, II, 20^ 
781). It appears, therefore, that the order of nitrogen fixation caused by tlie induced 
oxidation of glucose or cane sugar is practically the same as in the liacterial fixation. 


NITROGEN FIXATION IN THE OXIDATION OF CANE SUGAR 
MIXED WITH SOIL AND EXPOSED TO SUNLIGHT 
IN DISHES. 

In these experiments the garden soil was mixed with j)ure cane .sugar and 
exposed to sunlight in enamelled dishes covered with ordinary glass plates. For 
the experiments in the dark the outer surface of the glass plates was covered with 
a thick coating of Japan black enamel. The following results were obtained; - 


Table IV. 




r-H 

§ d 

d CD 

6 

M 

A 0 

.1 




’S 

0 2 

5 

ss 

s 

1 



!-■§ 

aizi 

<1 

M p 


Total, 

gen. 

0 

H 


250 gm. soil alone 

0-003.56% 

0 - 0021 % 

0-00566% 

0-0466% 

0-6134 

XJ o 

' 250 gm. soil +20 gm. cane 

0'00396 

0-0021 

0-00606 

0-0466 

4-932 

<D 

sugar. 






U 4* 

Pn XU 

250 gm. soil+20 gm. cane 

0'00436 

0-0021 

0-00644 

O'OiOO 

5-202 

CQ S 

02 

sugar +10 gm. sodium 




H CO 

phosphate. 






O ^ r-^ 

250 gm. soil+20 gm. cane 

0-04516 

0-00318 

0-04834 

j 

0-1289 

.5-721 


' sugar+0*5 gm. N as 



^ 00X5 ( 

u a 

(NH 4)2 SO 4 . 







250 gm. soil+20 gm. cane 

0-04668 

0-00318 

0-04986 

0-1272 

5-61 

2 g §- 

sugar +10 gm. . sodium 




phosphate+0*5gm. N as 
(NH 4)2 8 O 4 . 






X '©!> 

250 gm. soil+0’5 gm. 

V Nas(NH4)2 804. 

0-0360 

0-0070 

0-0420 

0-1166 

0-6 133 
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1 

• 0 

oj d 

6 

d 



i p 


r—i 0 

'5 bJD 

b 

0 

jp 



bx) 

5 0 



p 

as 



0 u 

m 

Nitric 

gen. 

Total 
ble ni 

Total 

gen. 

r-*H 

0 

+ 

S A 

250 gm. soil+20 gm. cane 

0-0052 

0-00208 

0-00728 

0-0482 

4-831 

o ^ 

sugar. 





5-111 


250 gm. soil+20 gm, cane 

0'00538 

0-00208 

0-00746 

0 0482 

£■3 

sugar +10 gm. sodium 






^ CO 

phosphate. 


0-0032 



5-627 

o 

250 gm, soil+20 gm. cane 

0-046 

0-0482 

0-1198 

l> +3 iO ' 

sugar+0'5 gm. N as 
(NH 4)2 8 O 4 . 





5-61 

O P^Oi 
•4-1 

250 gm. soil+20 gm. cjme 

0-040 

0-0032 

0-0432 

0-1152 

o P ^ 
H <d 

sugar+0*5 gm. N as 
mH 4)2 SO,+ 10 gm. 
Sodium phosphate. 






a ^ CD 

s 

clOO S 





' 

0-513 


250 gm. feoil+O'f) gm. 

0-01 

0-029 

0-039 

0-070 

R 

V Nas(NPl4)2S04. 






"2 S 

1 250 gm. soil+20 gm. cane 

0-0070 

0 00334 

0-01034 

0-0537 

1-532 „ 

sugar. 





1-411 

& 

250 gm. soil+20 gm. cane 

0-0075 

0-00035 

OOllO 

0-056 

«0 D , 
tuo 

Bugar +10 gm. sodium 






02 P 

b <H j 

phosphate. 





1872 


250 gm. soil + 20 gm, cane 

0-0468 

0-0050 

0-0518 

0-1010 

S-S J 

(M g 

sugar+0‘5 N as (NH[4)2 
8O4. 





1-789 

•S S > 

25o gm. 8oil+20 gm. cane 

0-0483 

0-00524 

0-05364 

0-1152 

02 -O 

st^ar+0*5 N as (NH 4)2 
SO 4 + IO gm. sodium 






5 P'S 

S. 00 

phosphate. 




0-066 

0-513 

1 °'“ 

250 gm. f.oil+0‘5 N, as- 

0-010 

0-0028 

0-038 


^ ammonium sulphate. 






The above results show that whepi soil is mixed with cane sugar in the presence 
or absence of sodium phosphate and exposed to sunlight and air, the ammoniacal, 
nitric and total nitrogen increases due to the fixation of atmospheric nitrogen. 

In presence of 0'5 gm. nitrogen added as ammonium sulphate to 250 gm. soil 
+ 20 gm. cane-sugar, there is no evidence of nitrogen fixation as the total nitrogen 
content is/0*lOl%, whilst the amount actually present should have been 0*1466% 
(0*1% added as ammonium sulphate and, 0*0466% originally present in the soil). 
It is quit 6 possible that the fixation if any, may have been compensated by the denitri- 
fication ; which is known to take place under aerobic Conditions. Moreover, the 
experiments show that ammonium sulphate readily undergoes nitrification when mixed 
with soil and exposed in dishes to sunlight and air and cane sugar markedly retards 
this nitrification and also the nitrogen loss abserved by exposing ammonium salts 
to light and air. 

Our results recorded in pre^^ious papers {P roc, Acad, Sci,, U. P., 1934, 4, 175; 
1935, 4 , 330; 5 , 61) show that the ammoniacal nitrogen goes on increasing up to a 
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limiting value with the time of exposure to sunlight when the exposure is continued. 
After this period, further exposure to light leads to a decrease of the ammoniacal 
nitrogen and an increase of nitric nitrogen. But the sum of the nitric and ammoniacal 
nitrogen is less than that obtained before. This behaviour is due to the loss of nitrogen 
in the gaseous state caused by the photo-chemical, catalytic and thermal decomposition 
of ammonium nitric formed on the soil surface. This type of denitrification is an 
important soil process taking place when nitrogenous compounds are present in the 
soil, which is exposed to light and air. A very important conclusion can l)c drawn 
from the experiments published in the foregoing papers that the amount of ammoniacal 
nitrogen is always greater in the soil mixed with the energy-rich compounds and 
receiving sunlight than in those kept in the dark (that is, in blackened vessels). 

FIXATION OF NITROGEN IN THE OXIDATION OF MOLASSK 
MIXED WITH SOIL. 

(a) Experiments carried on in dishes. 

As molasses contain 30 — 40 per cent cane-sugar and .30 per cent invert sugars, 
it was felt that the oxidation of this substance in the soil would be an excellrat 
source for obtaining the energy required in nitrogen fixation. 

Mixtures of molasses and unsterilised soil and small amounts of water were 
exposed to sunlight during the months of March to November, 1935, and the carbon, 
total nitrogen, ammoniacal nitrogen and nitric nitrogen were estimated from time to 
time. • In the following tables corrections were applied for the amount of ammonia 
introduced with the molasses, which contained O'OOl per cent ammoniacal but no 
nitric nitrogen. 

The following results were obtained: — 

Table V. 


Amount of mokases added 

Ammo- 

niacal 

nitrogen. 

per kilogram of soils. 


Original soil 

0000734% 


0 

gm- 

0-000944 


10 


0-00096 

Exposed for 

20 

» 

0-00106 

40 


0-00113 

161 hrs. ( 

75 

jj 

0-00220 


100 


0-00222 


150 


0 00216 

Corresponding 

dark. 

1 190 

)) 

0-00210 

f 

20 

5 ) 

0-00111 

0-00097 


[ 40 


000043 


Nitric 

nilarogen. 

Available 

nitrogen. 

Total 

nitrogen. 

Totd 

carbon. 

0-0035% 

00042.34% 

0-0362% 

0-4026% 

0-004 

0004944 

0-0860 

0*4521 

0-0038 

0-00476 

0-036 

0*5732 

0-0038 

0-00486 

0-036 

0*8212 

0-0038 

0-00493 

0-036 

1*0640 

0-00.38 

0-00600 

0ft38 

1*5220 

0-0038 

000602 

0-046 

2-081 

0-0038 

0-00696 

0-0490 

.3-884 

0-0038 

0-00690 

0-0520 

4*429 

0-0038 

0-00448 

0-0362 

0*5632 

0-30076 

0-00475 

0-0862 

0*9287 

0-00376 

0-00410 

0*0362 

1*2810 
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Amount of molasses added 
per kilogram by soils. 

Ammo- 

niacal 

nitrogen. 

Nitric 

nitrogen. 

Available 

nitrogen. 

Total 

nitrogen. 

Total 

carbon. 


5 gm. 

000136 

0-00412 

0-00648 

0-036 

0-459 


10 

0'00148 

0-00412 

000560 

0-036 

0-576 


20 „ 

0-00159 

0-00412 

0-00571 

0-036 

0-823 

Exposed for 

40 ", 

000184 

0-00412 

0-00591 

0*0362 

1-065 

279 hrs. 

75 „ 

00022 

0-004 

0-0062 

00382 

1-329 


100 

0002 

0-00324 

0-00624 

0046 

1-986 


150 

000104 

0-00284 

0-00388 

0-0442 

3-424 


190 ;; 

000037 

0-00224 

000261 

0*0521 

4-021 

Corresponding f 

10 gm. 

000074 

0-00324 

0-00398 

00361 

0-552 

dark. | 

20 „ 

0-00051 

0-00310 

0-00361 

0-0361 

0-902 


40 „ 

0’00041 

0*0032B 

000323 

0-0361 

1-102 


5 gm. 

000092 

0-00456 

0-00548 

0-0381 

0-412 


10'^,, 

0-00096 

0-00462 

0-00558 

00381 

0-542 


20 r, 

0-00116 

0-00462 

000578 

0-0382 

0.671 

Exposed for 

40 „ 

000310 

0-00420 

0-00720 

0-0389 

0-912 

850 hrs. 

1 75 

0-00175 1 

0-0038 

0-00555 

0-0391 

1-213 


100 „ 

0-00146 

000362 

0-00508 

0-0472 

1-322 


1150 „ 

0-00133 

0-00304 

0-00437 

0-0468 

2-321 


\l90 „ 

000120 

0-00280 

0-004 

0-048 

3-28 


( 10 gm. 

0-00084 

0-00320 

0-00404 

0-0372 

0-513 

Oori^sponding ■ 

20 „ 

0-00089 

0-00316 

0-00405 

0-0372 

0-882 

dark. 

< 40 „ 

0-00094 

0-00316 

0-00409 

0038 

1087 


1 5 gm. 

0-00093 

000452 

0-00545 

0-0410 

0-4125 


10 „ 

000098 

0-00464 

0-00562 

0-0418 

0-4424 


20 „ 

0-00118 

0-00504 

0-00622 

0-0433 

0-5516 

Exposed for 

40 „ 

000155 

0-00490 

0-('0645 

0-0498 

0-5827 

1450 hrs. 

75 „ 

000186 

0-00464 

0-00649 

0-0510 

0-6619 


100 „ 

0-00162 

0-00422 

0-00584 

0-0525 

0-8629 


150 „ 

000144 

0-00396 

0-00540 

0-0544 

1-252 


\ 190 „ 

0-00138 

0 00324 

000462 

0-0544 

2-441 


r 10 gm. 

0-00084 

0 00344 

0-00428 

0-0380 

0-500 

Corresponding - 

20 „ 

0-00090 

0-00336 

0-00426 

0-0380 

0-815 

dark. 

1 40 „ 

0-00096 

0-00344 

0-00440 

00380 

0-981 


The results recorded in the foregoing table show that in all cases when molasses 
is added to the soil, which is properly aerated, there is an appreciable increase in its 
ammonia and total nitrogen contents. In these cases also like those with cane- 
sugar, there is greater increase of ammonia in the vessels exposed to sunlight than in 
those kept in the dark. The amount of ammonia formed goes on increasing up to a 
limiting value with increase of exposure. In all these experiments the total carbon 
goes on decreasing with time due to its oxidation by air. 


( i6 ) 

(b) Field experiments on the application oj rnnlmscs to soil. 

In these experiments known weights of molasses were athied to a ilefiiiite area 
of the soil in the field. In some experiments the soils were dug onee a week, whilst 
in others the soil was kept unstirred in order to investigate the infliumee of aeration. 
The following results were obtained with soils dug onee a week: 


Tahi.k VI. 


A-numoiiifi- 

Cfll 

Nitric 

Available 

Totr'il 

Total 

cif 

nitrogen 

nitrogeri 

nitrogen 

i 

nitrogen 

1 

eiirfioii 



,3600 kilograms of molasses added per acre of land on J10-7-;ir> 


Original soil 


0-00374% 

0-00334% 

0-00708% 

000618 

0-0032 

0-00938 

0-0067 

0-00.35 

0-01020 

0-00564 

0-0044.5 

0-00909 

0-00590 

0-00500 

0-01090 

0-00168 

0-00608 

0-01076 


0-0460% 

0-542% 

i 30-7-35 

0-0407 

0-073 

( 24-8-35 

0-0107 

0-05 1 

1 3.fi.3r> 

0-0407 ! 

otifi:! 

I 21-9-35 

0-048.5 i 

0f.l3 

i 14-10-36 

0-ti482 ! 

0-513 

■ 6-11-35 


7200 kilograms of molasses milled p(.r acre of hind on :$0-7-3r> 


Original soil 


0-00350 

0-00280 

0-00630 

0-()4fi-i 

0*515 

0-00508 

0-00262 

0-00770 

0-0467 

0-7-2O i 

0-00724 

0-fl0282 

0-00906 

00467 

0-714 1 

0-00768 

0-0('382 

0-01150 

0-0467 

0-711 

0-00734 

0-00400 

0-01 134 

0-0492 

O-fi.!.'! f 

0-005 

0-00668 

' 0-01168 

0-0518 

0-543 I 


30-1-.% 
24-8415 
8-9-35 
21-9-35 
14- 104(5 
fi. 11-85 


10800 kilograms of molasses ad<lei| per acre of land on 5-H415 


Original soil 

0-00, 560 

0-00372 

000932 

0-0522 

0*581 

f»A85 


0-00612 

000344 

0-00966 

0-0579 


24-8415 


0-00776 

0-0037 

0-01146 

0*0582 

I *2:iB 



0.01094 

0-00368 

0-01452 

0'06a3 

MHl 

2141415 


0-01028 

0-00363 

0-01390 

0-0588 

ItlHO 

144 0-115 


0-00822 

0-00576 

0-01398 

0-0611 

1 

01185 

6-11.35 


In these field experiments, there is also definite evidence of nitrogen fixation in 

the soil on the addition of mola.sses, as there is an increase in the available and total 
nitrogen. 


(c) Molasses added to soil in heaps—composts with molasses. 

(A) and kilograms was mixed with 12 kilograms of molasses 

(B) aposod 10 „ ,„d Ugl.l. For l,oU.r ,,,, 

irre requenl y a ter addition of water. Tlie molaeace was added on I8th Felint- 
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ary, 1935, and exposed to sun till the end of June and then removed to a verandah of 
the laboratory before the rains set in. The following results were obtained: — 


Table VIL 



Ammo- 

niacal 

nitrogen. 

Nitric 

nitrogen. 

Total 

available 

nitrogen. 

! 

Total 

nitrogen. 

Total 

nitrogen, 

Original soil 


0-00865% 

0-00582% 

0-01447% 

00458% 

0-5055% 

Heap (A) analysed on 

18-3-35 

00 1646 

000591 

0-0224 

0-0538 

1-0922 

Heap (B) 


000934 

000594 

0-015281 

00504 

1-238 

Heap (A) „ 

18-4-35 

0014 

0-0058 

0-0198 

0-0540 

. . . 

Heap (B) „ 


00116 

0-0058 

0-0174 

00512 


Heap (A) 

20-9-35 

0-0175 

0-00822 

0-02572 

0-09005 

1*0514 

Heap (B) 


0-0140 

0-00736 

0-02136 

0-09 

1-035 


The above results show that when molasses is added to soil in heaps and exposed 
to air and light, the available and total nitrogen are considerably increased. The 
total nitrogen is double that of the original amount present in the soil before the 
addition of molasses. Hence considerable fixation of nitrogen takes place and 
excellent composts are prepared with molassed soils, of which the carbon-nitrogen 
ratio becomes normal and attains the value of 11*5. 

RESIDUAL EFFECT OF MOLASSES ADDED TO FIELDS. 

The folowing results show that molasses when added to the soil in fields produces 
a residual effect: — 


Table VIIL 


Px.OT A. 

1800 kilograms molasses per acre 
added on 25-9-34 and then 
wheat grown. Molassed again 
at the rate of 3600 kilograms 
per acre on 30-4-35 and 
analysed on 6-5-35. 

Plot B. 

Originally un molassed 
but wheat grown, 
Molassed at the rate of 
3600 kilograms per 
acre on 30-4-35 and 
analysed on 6-5-35. 

Plot 0. 
Control, un- 
molassed but 
wheat grown ; 
analysed on 6-5-35. 

Ammoniacal nitrogen 

0-006% 

0-0058% 

0-0051% 

Nitric nitrogen 

0-0037% 1 

0-0032% 

0-0029% 

Total nitrogen 

0-0321% 

0-0272% 

0-0224% 

Total (jarbon 

0-54-28% 

0-5321% 

0-2621% 


The foregoing results show that plot A, which has been molassed twice contains 
more available and total nitrogen than plot B which has been molassed once and 
plot C, which has not been molassed at: all» 

F. 3 
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LACK OF CORRELATION BETWEEN THE AZOTOBACTER NUMBER AND THE 
NITROGEN FIXATION IN THE SOU. ON ADDITION OF MOI, ASSES* 

In order to investigate whether there is a proportionality between the inercase of 
ammoniacal and total nitrogen and the Azotohaeter in tlu‘ soil, a systeiiiiitic 

work has been carried on by Dhar and Seshacharyulu on applying clifferent arrioiints 
of molasses to a definite area of the gardeti and determining the Azotobaeter eonrils, 
ammoniacal, nitric and total nitrogen once every week* 

The following results regarding ammoniacal nilrogem and Azotolnicler eoiints 
have been obtained: — 


0 


90 in (1 b. of molaBBcB 

270 uuIh. of moliiBHeH 




per acre. 

per acre. 



Ammonia- 


Ammonia* 


Aiuumuia- i 

1 lhiU\ 

Azotobacter 

cal 

Azotobaciter. 

<mi 

Azotoba<U.er. i 

ml 

1 


nitrogen. 


1 uitrog(m. 

! 

i 

1 

uitrugen | 

1 

1 

23,00000 


51,00000 


61,00000 1 


22-10-.3r> 

24,00000 

0-o6i24% 

52,001 lOO 

0'o6ir).5% 

(ift.iiofloo ! 

0-00221 i 

26-10-35 

24,00000 


88,00000 

ft « 

(i8,00(M)0 

1 

.30-10-35 

20,00000 

o-oois 

179,00000 

0-0024 

4B,(iO(Kiu 

0-t)62’47 

.3-11-35 

23,00000 


167,00000 


7-2,0(MiO0 

i 

7-11.35 

27,00000 

0-00i22 

177,00000 

0-00286 

577,0(i0(M) 

imim i 

11-11-35 

23,00000 

0-00121 

164,00000 

0-00290 

5830,0000011 


15-11.35 

2fi, 00000 

0-00121 

168,00000 

0-00341 

5960,000000 

iroom , 

22-11-35 

23,00000 

0-00121 

172,00000 

0-00287 

5010,000000 

OWM) 

30-11-35 


It is well known that quantitative worfc on nitrogen fixation in pure ciilliires of 
Azotobacter fed with mannitol is carried on by estimating tin* ammonia formation 
from time to time. Hence we have also determined the increase of aromonliicmi 
nitrogen in soil samples along with the Azotobacter counts. The foregoing results 
show that there is hardly any correlation between the increase of iirnmoniaeiil nitrogen 
and the Azotobacter numbers. If the bacterial theory of nitrogen fixiitiori were 
correct, it is expected that such a coordination should exist. Hen(x* it appears that 
besides bactena, other agencies may be effective in nitrogen fixation in tropical soils. 

The foregoing results in Tables V and VI obtained with molasses, when mixed with 
soil, show that there is an appreciable increase in the total nitrogen and ammonia con- 
tents; the amount of ammonia goes on increasing up to a limiting value when it 
decreases. But at this stage the nitrate content increases apiireciahly due to the oxid- 
atxon of ammonium salts formed by nitrogen fixation. When the amounts of molasses 
added to the soil are not large, the maximum amount of ammonia to he formed due 
to the nitrogen fixation in the soil is reached within two months. After this stage the 
nitrate increases due to the oxidation of the ammonium salts produced from the 
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nitrogen fi^fation in the soil and there is loss of the total available nitrogen and the 
carbon-nitrogen ratio approaches the 11:1 value. Hence, it is concluded that at 
the stage when the nitrate content of the soil begins to increase appreciably, the 
soil is most suitable for the sowing of crops. When larger quantities of molasses 
are added to the soil in the fields, more time is required to attain the stage of nitrate 
increase. For example, from the results recorded in Table VI it will be seen that in 
the plot in which 270 maunds of molasses per acre were added, the largest amount of 
ammonia was fixed but the time required in reaching the maximum was about 
3 months. Similarly, in the experiments with molasses and soil kept in dishes, the 
maximum increase of ammonia is attained after a longer exposure to sunlight in 
those dishes containing larger amounts of molasses than those with smaller amounts. 
Thus with 10 grams of molasses when added to a kilogram of soil, the maximum 
amount of ammonia formation is reached after 279 hours of exposure to sun light 
spread over 75 days whilst with 40 grams, the maximum is reached after 850 hours 
of exposure spread over 4 months. It is clear, therefore, that if the cultivator can 
afford to wait and can use large amounts of molasses better results are expected 
than with smaller amounts. Using 270 maunds of molasses per acre of land and 
if digging or turning over of the soil is continued for about 3 months, once in 10 
days excellent results are expected. With smaller amounts varying from 90 to 180 
maunds of molasses per acre, an interval of 8 to 12 weeks with occasional digging 
ought to be sufficient, because the maximum ammonia formation in these cases is 
within the above interval. It is known that the amount of nitrogen fixation in 
a bacterial culture of Azotobacter is quantitatively measured by the ammonia formed. 
Hence the evidence of nitrogen fixation in our experiments when molasses or cane- 
sugar is added to the soil is quite definite because there is not only considerable 
increase of ammoniacal nitrogen but simultaneously the total nitrogen is also increased. 
Moreover in a recent communication, we have shown that in soils, the available 
nitrogen increases with the increase of total nitrogen. 

Our experimental results show that when the soil is not properly aerated after 
the addition of molasses, the acidity increases and the nitrogen fixation is less. 

Many people have tried to use molasses in increasing soil fertility but uniformly 
good results could not be obtained as will be evident from the following lines: — 

“ Increased yields of sugarcane have followed the application of molasses to 
soils at the Station Agronomique and on Mr. Ebbel’s estate in Mauritius, where the 
residual effect is well shown, and also in Antigua. Peck in Hawaii, on the other 
hand, observed marked losses of nitrate, as also did Harrison in British Guiana.” 

“ Laboratory investigations in humid climates suffer from the difficulty that the 
soils already contain so much nitrogen that small changes are difficult to measure 
accurately, and there are losses of nitrogen which counter-balance any fixation. 
Investigation would be easier in some of the soils very poor in nitrogen found in 
hot, arid conditions. Rigid incontestable proof could be furnished only by a 
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demonstrated gain in nitrogen effected hy Azololmcter, all oilier powiltililies heiiig 
ruled out. This proof has not yet been forthcoming.” (iiusHell. “Soil (!oVtdi- 
tions and Plant Growth,” 1932, pp. 342 — 44). 

“In view of the fact that the energy added to the soil is not directly available 
to the nitrogen-fixing bacteria and that .small amoiint.H of avaiinbb* nitrogen are 
always present in the soil, and the error in the laJioratory deti-rmination of total 
nitrogen by the Kjeldahl method is greater than the (w.H.Hible amount of nitrogen 
fixed by nonsymbiotic bacteria, we are still unalile to <lec;i<ie the f|ue»tion definitely.” 
(Waksman, “Soil Microbiology,” 1927, p. .fifl?). 

“Wide use is being made in 8y.stem.s of agricidtum of the bacteria, which 
work with legumes, but the nitrogen fixing (lower of those which work juitsitle the 
plant is as yet not utilised extensively by man, since the methods of controlling them 
are not well understood” (Miller, “The Soil and its Management,” 1924, p. 20.3). 
A. Koch, J. Litzendorff, F. Krull and A. Alves (/. iMndw, 1907, 5S, 35.fi) have import- 
ed nitrogen fixation in plates and pots with dextrose Imt Pfeiffer and Blanek (/Mnrlw. 
Versuchs. Stat., 1912, 78 , 375) could not ohtuiii any nitrogen (ixalion with sugar. 
According to Hutchinson (/. Agric. 6'ci., 1918, 9 , 92) sugars show henefi.-ial results 
in autumn but not in spring. 

Dr. H. W. Kerr has reported the following yield of sugareane on applying 10 
tons of molasses per acre in the Bundaberg farm in Queensland. 


No molasses 
10 tons molasses 


227 tons |»er acre, 
371 „ 


On the other hand, Crabtree working in the Fairy Mead farm in Qinmnshind <lid not 
find any beneficial effect with molasses. In the discussion. Dr. Kerr stated: ‘‘The 
value of the molasses is probably due to its physical, chemieal and hiologieal in^ 
fluenees in the soil.” (Proc. Second Annual Conference of Qm-imslaud .Society of 
Sugarcane Technologists, 1932). On applying molasses to the growing erop^,„ 
eneficial effect was obtained at Pusa. Recently, an increast* of yield to the extent 
of 36 per ^nt has h^ reported at the Shahjahanpur Government Farm on applying 

MlrTp ' f r” rT' TL 7" ""'tivation of sugareane. liefon- planting, 
the ^eld of sugarcane. But when molasses was added to the growing crop, n<, 

Ta r^aTl Zl th 1 ™ifonnIy good msuhs from molasses 

manure and the mechanism of the process have not been worked out. In this 

, 1935, 4 , 330, 5 , 61), we have established that the oxidation of the carixihyd rates 

^“dtTrot: 

P S o car on dioxide and water liberates energy in the soil and 
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this energy is utilised in the fixation of atmospheric nitrogen and that is why thfe 
ammonia and the total nitrogen contents increase and thus beneficial results in 
the growth of crops are obtained with molasses as fertilizer. Moreover, as 
molasses contain lime, potash and phosphates, its fertilising value is also 
increased by the presence of these substances, which are excellent food 
material for the plants. It is interesting to note here that previous workers 
determined only the total nitrogen of the soil after the addition of energy- 
rich compounds, and as the difference in total nitrogen is not very high before and 
after the addition of energy-rich compounds to the soil, they were doubtful regarding 
the fixation of nitrogen in the soil by the addition of energy- rich compounds. But as 
we have estimated, both the available (ammoniacal and nitric nitrogen) and the total 
nitrogen, we have been able to detect the increase of available nitrogen and also total 
nitrogen in all cases when energy-rich organic compounds are added to well aerated 
soils. 

It has already been stated that many workers have failed to obtain beneficial 
results with molasses. Our experiments show that the failure is due to insufficiency of 
oxidation of the carbohydrates caused by the lack of the aeration of the soil. When 
the aeration of the soil is insufficient, the increase of ammonia is less and the soil 
becomes acidic. The amount of fixation of nitrogen depends on the energy available 
from the oxidation of the carbohydrates of molasses and the by-products formed 
from the partial oxidation of carbohydrates and that is why sufficient oxygen is 
necessary for obtaining beneficial results, and this is achieved if the soil is dug or 
turned over once a week or 10 days during the period of eight to twelve weeks between 
the application of molasses to the field and the sowing of crop. 

AZOTOBACTER FIXES NITROGEN VERY WELL IN 
TROPICAL SOILS. 

In cold countries, the soil temperature being low and due to lack of sunshine, the 
velocity of the oxidation of energy-rich substances present in the molasses may be 
small and thus the energy available from the oxidation of carbohydrates may be 
too small for any marked nitrogen fixation. That is why, many workers like Pfeiffer 
and Blanck, Hutchinson and others were unable to find beneficial effect with sugars. 
Moreover, in temperate climates, Azotobacter is not suitable for nitrogen fixation as the 
fixation at 10® and at lower temperature is practically nothing. The soil temperature 
in colder countries being lower than 10® most of the time in the year, practically no 
nitrogen fixation by Azotobacter is possible and that is why Azotobacter has not been 
utilised by agriculturists in cold countries. Thiele {Landw. Versuchs-Stat., 1905, 63, 
161) measured the soil temperatures of arable and grass lands daily for three years 
at Breslau, Germany and reported that only rarely were they favourable for 
Azotobacter. Also Azotobacter requires more heat than Bacillus radicicola and several 
other bacteria and is eminently suitable for nitrogen fixation in tropical countries 
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except in the months of May and |une when the soil tentfieralure during the daytime 
exceeds 50°, beyond which Azotobacter is unable to fix nitrogen. This bacteria should 
be widely used in the fixation of nitrogen in tropical countries when fed with 
energy-rich substances like molasses and presscakt's, ((tc. Recently Dhar and Tandon 
have measured the fixation of atmo.spherie. nitrogen by pure cultures of Azotobactcr 
thriving on mannite medium at 10°, 20°, .'10°, .'1.5°, 40°, .50°, W)® and 70°. It 
has been observed that the maximum nitrogen fixation (largest amoutit of ammonium 
salt formation) takes place at 35°, which is, therefore, the optimum temperature for 
tropical Azotobacter as against 28° obtained in tem[mrate countries. There is hardly 
any ammonia formation at 10° on the one hand and at f»0° on the other. At 70° 
no nitrogen fixation by Azotobacter takes place. This is a very interesting case 
where the lower limit of bacterial activity is much higher than with the nitrite formers, 
Bacillus radicicola and several otlier bacteria. Moreover, the uppttr limit for 
Azotobacter is also appreciably higher. For example, even at 50° Azotobacter can 
fix an appreciable amount of nitrogen and the fixation at 50° is almost the same as 
at 20°. In the case of nitrite-formers, the bacterial activity ceases cotnplclcly at .50°; 
even at 40°, the activity of the nilriU' formers is (piitc- small in comparison to that 
at the optimum at 35°. These results .show definitely that Azotobacter can starul 
high temperatures better than that of the nitrite formers and se.veral other bacteria. 

The optimum temperature for the nodule bacteria in temperate climates lies 
between 18° and 26° and is appreciably lower than that of Azololmctcr. Moreover, 
Bacillus radicicola can thrive even at a temperature of 3° and that is why this 
bacteria has been utilized to a much greater extent in Europe and Atiu'rica than 
Azotobacter. 

Russell states; — “In neutral soils of cool countries Bacillus radicietda is the 
most active fixer of nitrogen and Azololmctcr is relatively inactive 

In alkaline soils of warm climates, on the other hand, Azotoliactttr is greatly 
stimulated; Bacillus radicicola is not . . . .” 

In tropical countries, however, if the soil is well ploughed after the atldition of 
molasses, there is no reason why soil fertility regarding combined nitrogen shotihl 
not be increased. We have applied molasses to more than 30 ()lota of land in different 
portions of the University compound and we have always observed marked increase 
in the ammonia and total nitrogen content of the soils on the ai>plication of molasses. 
In most of our field experiments the amount of ammonia after the addition of molasww 
and aeration has become three times the amount originally present in the soil. Tliis 
is equivalent to the addition of 80 to 160 kilograms of ammonium sulphate per acre;. 

MOLASSES IN THE CONSERVATION OF SOIL NITROGEN. 

Apart Horn the fixation of nitrogen molasses acta as a protector of soil nitrogen 
and hence It is more effective »s a soil fertilizer than ammonium sulphate alone, 
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specially in tropical countries. Our experiments recorded in Tables XI to XIII show 
that the loss of nitrogen from the soil on adding ammonium sulphate is greatly decreas- 
ed when along with ammonium sulphate molasses is added. We have shown that when 
annnonium sulphate is added to soil in shallow enamelled dishes and exposed to 
sunlight in the months of May, June, and July at Allahabad, as much as 60 per cent 
of the ammonium salt is lost. This loss can be minimised by adding molasses along 
with ammonium sulphate. It appears, therefore, that the value of ammonium sul- 
phate or urea as a manure to be used in tropical countries is likely to be greatly 
enhanced if it is mixed with molasses or any other carbonaceous material. From the 
foregoing lines, it will be clear why farmyard manure or green manure produces 
better results in crop yields than ammonium sulphate, because the carbonaceous 
substances present in the farmyard or green manure, markedly retard the velocity of 
the oxidation of the nitrogenous compounds present in the farmyard and green 
manures and inhibit the processes of ammonification and nitrification and act as 
an agent in the conservation of the nitrogen added. Oil cakes containing fats and 
nitrogenous substances ought to l)e effective as a nitrogenous manure in tropical 
countries, because fats are known to retard the oxidation of nitrogenous compounds. 

Russell {Soil Conditions and Plant Growth, 1932, pp. 76—78, and 313, 361) 
has reported that the yield ol; barley and straw with farmyard manure in the 
Rothamsted field experiments from 1852 — 1922 is better than that obtained with 
complete artificial manures containing ammonium salts, potassium salts and phos- 
phates. This is due to the fact that there is more nitrogen in the field manured with 
cow-dung than with artificials as is evident from the following data from the Rotham- 
sted fields : — 


Table IX. 

Total N, per 'Cent. 


(1) Receiving no manure since 1843 . . . .0*095 

(2) Receiving farmyard manure since 1852 . . . . 0*256 

(3) Receiving complete artificials (NH 4 ) 2 S 04 .. 0*099 

(4) Receiving complete farmyard manure . . . . 0*253 

(5) Receiving potash and phosphate but no nitrogen . . 0*090 
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Total Nitrogen Balance-sheet (1865 — 1914) in the top nine inches of soil. 



Farmyard 

niannn*. 

1 j 

No. 

manun', 

! 

{lomplote 

Plot 7. 

Artiflcials 

Flotia 

Total N. in soil in 1805, lb, por 
acr’o. 

4860 

2900 

1 

1 

j ' 

! H:i90 

! 1 

1 B320 

Total N, in noil in 1865, lan* 
cent. 

1 

0-190 

0-II4 

(i-ia's ^ 

O' 121 

Total N. in noil in 1914, lb. per 
aero. 1 

6690 

i 

•jofn 

1 :«i() i 

3240 

j 

Total N. in aoil in 1914, per cent 

0-230 

0*092 

0-120 

0-121! 

Total change in 49 yn?.., lb. per 
acre. 

“f" 740 

i 

-990 1 

1 

1 

-180 

-80 


In order to investigate the retarding influence of molawstw on the loss of nitrogen 
from the soils, the following field experiments were performed. 270 gms., rrMt gins, 
and 1080 gms. of ammonium sulphate dissolved in water were apfdiwl to thrw! jdots 
on 26th September, 1935, the area of each plot being 144 sq. ft. Ti> thri» other 
plots, the same amounts of ammonium sulphate were added along with 12 kilograms 
of molasses (i.e., at the rate of 3600 kilograms per acre). All tfu»e plots wen! 
ploughed before the application of ammonium .sulphate and dug once in 10 days 
afterwards. From time to time, the ammoniacal, nitric, total riitrog<m ajid total carlxm 
were estimated. The following results were obtained: — 


Table XL 

Experiments wUh 270 gms. of (NHJ^SO^ per 144 sq. ft, of land. 


Condition. 

NH 3 -N. 

NO 3 -N, 

Ayailabh^ 

nitrogen. 

! 

Toml 

nitrogen, 

Total 

earlion. 

1 

Date 

of 

fi Wily win, 

Unmolassed 

Molassed 

Unmolassed 

Molassed 

Unmolassed 

Molassed 

Unmolassed 

Molassed 

0-00832% 

0-008)4 

0-00636 

0-00778 

0-00608 

000778 

0-004.38 

000700 

00035% 

0-0035 

0-00556 

000426 

0-00600 

0-00582 

0‘00714 

0-00636 

0-01182% 

0-01104 

0-01192 

0-01204 

0-01208 

001360 

0011.52 

0-01336 

0-0583% 

0-0688 

0-06B3 

0-0609 

0-0538 

0-0626 

0-0538 

0-0036 

0-416% 

0-687 

0-416 

0-678 

0-416 

0-601 

0-411 

0-498 

27-9-S5 

12-H)-36 

24-10-35 

7-i’l-35 
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Experiments with 540 gms. (NHi)zSOi per 144 sq. ft. of land. 


Condition. 

NH 3 -N 

NO 3 -N 

Available 

nitrog-en. 

Total 

nitrogen. 

Total 

carbon. 

Date of 
analysis. 

Unmolassed 

001206 

0-00344 

0-01550 

0-0603 

0-417 

27-9-35 

Molassed 

0-01228 

0-00344 

0-01572 

0-0608 

0-587 


Unmolassed 

0*00768 

0-00636 

0-01404 

0-0609 

0-416 

12-10-35 

Molassed 

001076 

0-00436 

0-01512 

0-0636 

0-573 


Unmolassed 

0-00754 

0-00636 

0-01390 

0-0593 

0*421 

24-10-35 

Molassed 

0-01000 

0-00636 

0-01636 

0-0673 

0*507 

>) 

Unmolassed 

0*00538 

0-00776 

0-01314 

0-0583 

0-418 

7-11-35 

Molassed 

0-00896 

0-00874 

0-01770 

0-0667 

0*502 



Table XIII. 

Experiments with 1080 gms. of (NHJ 2 SO 4 per 144 sq. ft. of land. 


1 

Unmolassed 

0-02032 

0-00356 

0-02388 

0-0757 

0-416 

27-9-35 

Molassed 

0-02044 

0-00384 

0-02428 

0*0757 

0-585 

>» 

Unmolassed 

0-00874 

0-00932 

001806 

0*0700 

0-416 

12-10-35 

Molassed 

0-0140 

0-00636 

0-02036 

0*0760 

0-585 

J1 

Unmolassed 

0-00754 

0-01040 

0-01794 

0-0636 

0*416 

24-10-35 

Molassed 

0*01272 

0-00874 

0-02146 

0-0823 

0*585 

> 

Unmolassed 

0-00636 

0*01166 

001802 

0-0612 

0-422 

7-11-35 

Molassed 

0*01000 

0-00972 

0-01972 

0-0828 

0-552 

3» 


The foregoing results show very well that the total and available nitrogen of the 
molassed plots are always greater than those in the unmolassed plots. Hence molasses 
act as a nitrogen sparer in the soil and this is a very important application of molasses. 
Moreover, there is appreciable nitrogen fixation in the soil when molasses is added 
to it even in presence of ammonium sulphate, as the total nitrogen in the end is always 
greater than in the beginning, 
li'. 4 
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The following experiments showing the retarding influence of cane sugar on 
nitrification and nitrogen loss from soils containing arninonium aiil|>hiite were 
carried on in open enamelled dishes:— 

Original soil contained 0^00356% ammonlacal nitrogen, 01)021% nitric niirogm, 
O' 0466% total nitrogen and 0*3134% earhotu 


TIMKOF KXlHmUK 


L 200 grns. soil 

+ l()gmscano sugar 


2. 200 gins, soil 

+ 16 grns. canc sugar 
+8gms. sodium phos- 
phate. 

3. 200 gins, soil 

+ 16 gins, cane sugar 
+0*4 gnu N as am- 
monium sulphate. 

4. 200 gms. soil 

+ 16 gms. cane sugar 
+0*4 gm. N as am- 
monium sulphate + 

8 gms. sodium phos- 
phate 

5. 200 gms. soil 

+ 16 gms. cane sugar 
•+0*2 gm. N as am- 
monium sulphate. 

6. 200 grns. soil 

+ 16 gms. cane sugar 
+■0*2 gm N as am- 
monium sulphate + 

8 gms. sodium phos- 
phate. 

7. 200 gms. soil 

+ 16 gms. cane sugar 
+0*1 gm. N as am- 
monium sulphate. 

8. 200 gms. soil I 

+ 16 gms. cane sugar ' 
+0*1 gm. JNT as am- 
monium sulphate + 

8 gms. sodium phos- 
phate 


62 hours. 

NHa-^N 0*005% 
NOg-N 0*0028 
Totai-N 0'050 
Total- C 4*221 

NII3-N 0*00582 
N()3-N 0*0028 
Total- N 0*0184 
Total— 0 4*00 

NH3-N 0*0875 
NO3-N 0*0028 
Total- N 0*1842 
Total-G 4*114 

NHa— N 0*0882 
NO3-N 0*0028 
ToUil-N 0*200 
Total-C 4*128 


NHs-N 0*628 
NO3-N 0*0028 
Total— N 0*116 
Total— C 4*112 

NH3-N 0*0291 
N03-~N 0*0028 
Total— N 0*1169 
Total-C 4*121 


NH3-N O’OIO 
NO3-N 0*0028 
Total-N 0*0933 
Total-C 3*914 

NH3-N 0*010 
NO3-N 0*0028 
Total -N 0*933 
Total— C 3*992 


1H2 hourw 

()-0()70% 

00028 

O'OiOS 

3-187 

0-00728 

0-0028 

0-O49H 

3-178 

0- O()08 
000-.’8 

1- 700 

2- 991 

0 - 00.12 

0-0028 

0-178 

2-991 


0-0170 

0-0028 

0-1112 

3-019 

0-0 U 
0-0028 
0-1181 
H-029 


0-00934 

0-0028 

0-0934 

2-871 

0-00922 

0-0028 

0-0957 

2-881 


200 hourrt. 

0f«)84 

0- (K)29 
0(1499 

1- 882 

0-0089 

0(Ki29 

0- 0199 

1- 701 

0-(Mi-i4 

0- (H)30 
0' 1 48 

1- 892 

0-0604 

0-0030 

0- 1 52 

1 - 88 


0-0150 

0-0029 

0- 1107 

1 - 886 

0-016 

0-0029 

0- 1172 

1- 721 


0-00932 

0- 0029 
00934 

1- 896 

0'009I() 

0- 0029 
00944 

1- 778 
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TIME OF EXPOSURE 

62 hours 

132 hours 

200 hours 

9. 200 gms. soil + 0*4 gm. 

NH3-X=0-04516 

0’0233 

0-02024 

N as ammonium sul- 

N03-N=0-00362 

0-00388 

0*00422 

phate. 

Total- N=0T346 

0T23 

0-0928 


Total- C=0'5068 

0-5068 . 

0-506 

10. 200 gms. soil-f 0’2 gm. 

NHs-N =0-0232 

0-014 

0*01336 

N as ammonium sul- 

NO»-N=0-00278 

0-005 

0*00516 

phate. 

Total-N=0-1072 

- 0-1060 

0-0875 


Total-0 =0-5068 

0-5068 

0-6068 

11. 200 gms. soil+OT gm. 

NH3-N=0-00822 

0-0082 

0-0082 

N as ammonium sul- 

N03-N=0-00406 

0-005 

0-005 

phate. 

Total-N=0-0778 

0-0772 

0-07 


Total -0 = 0-5068 

0-5068 

0-5068 


The foregoing results show that the total nitrogen in vessels containing cane 
sugar and amraonium sulphate is always greater than in the corresponding ones 
containing ammonium sulphate alone. Thus cane sugar acts as a sparer of the soil 
nitrogen. It has generally been believed that organic substances like sugar when 
added to soil causes denitrification but in none of our experiments we observed any de- 
nitrification of this type. 

According to Lyon and Wilson {Cornell University Agricultural Experiment 
Station Memoir, 1928, 115), nitrogen balance is not maintained but loss of nitrogen 
takes fflace when the crops grown during autumn only are ploughed in, followed by a 
summer fallow; on the other hand, gain of nitrogen is observed in the soil under grass 
and not disturbed for summer fallow. 

Not only nitrogen fixation takes place in soil on the addition of molasses 
and proper aeration as revealed in our experiments, the observations of 
Howard and Wad (Waste Products of Agriculture, 1931, page 100) show 
that a certain amount of nitrogen fixation also takes place in the composting 
of the waste-products of agriculture according to the Indore method of composting, 
when the aeration in the compost heaps is sufficient. It appears, that in the oxidation 
of the carbonaceous substances in the compost heaps energy is liberated as is evident 
from the heat produced in these heaps and a part of this energy of oxidation is 
utilised in the fixation of nitrogen. Attempts have been made for the utilization of 
molasses as a manure in Java, Hawaii, Queensland and other sugar-producing countries 
for a number of years. It has been reported that when molasses are added to growing 
plants harmful results are produced. This can be easily explained from the following 
considerations : — 

The small amounts of nitrate, which is the real plant food present in the soil 
reacts with the carbohydrates present in the molasses with the formation of ammonium 
salts through the agency of bacteria, as is well known, or light as established by 



( 28 ) 


Dhar and Mukerji. Moreover, the ammonium saltn tnay he eaten up l>y tlie incrtMHed 
growth of the micro-organisms caused hy the addition of energy-rich cariwhydratea 
of the molasses. In this way the available nitrogen of the .soil may he lost to the 
crops. Moreover, the oxidation of th«^ carhohytlrates gen<*rate heat in the soil and 
both these results may be prejudicial to the growtli of plants. The workers at Java 
have shown empirically that th(i carbohydrates [)re.setit in the molasses were tlie real 
factors in improving soil fertility, because the elfeet produced hy equivalent amount 
of potash, phosphates, lime and combined tiitrogen is insignificant. Tl»e experience 
of workers in other sugar-producing countritw shows that an interval of some weeks 
between the addition of molasses to the .soil and the growth of crops on this soil 
seems necessary. From our results it is clear that sufficient time is necessary for 
the oxidation of carhohydratos added with molasww leading to the maximum amount 
of ammonia formation and increase of total nitrogen in the .soil. The carbohydrates 
must be oxidised in order that the nitrogen may b(? fixed and as this proecss takes 
time, an interval of 8 to 12 weeks dei)ending on the amounts of molasses a<hled is 
absolutely necessary. 

The workers at Java have reported the formulioti (d' organic aekls in the iiieipient 
stage after the addition of molasses to the soil. This olmervation has h«*en confirmed 
by Bhaskaran Narasimghamurti, Suhramunymi atul Sundara Ayengar {Proc. 
Indian Acad. ScL, 1934, 1 , 155) who have reported the production of actstie acid, 
propionic acid, butyric acid, etc., under water logged coiulitions. We have observed 
that traces of alcohol and small amounts of organic acids are produced wlum molasses 
or cane sugar are added to the soil in presence of air. But a gootl <leul of the sugars 
added with molasses arc oxidised comj)lelcly to carbon dioxide and water. Most of 
the intermediate products are also energy-ricti arul are oxidised to carbon dioxide in 
course of time on the soil surface. Hence, large amounts of energy are available 
for the fixation of atmospheric nitrogen in the soil on the addition of molasses and 
proper aeration. 

INFLUENCE OF AMMONIUM SALTS AND NITKATKS ON NITROGEN 
FIXATION IN SOILS BY THE ADDITION OF MOLASSRS. 

A very important fact has been brought out by our researches— that tlie amount 
of ammonium salts obtained by fixation depends on the (juantities of the availalde 
and possibly total nitrogen originally present in the soil before the addition of 
molasses or cane sugar. Thus in our first set of experiments with pure cane sugar 
when added to unsterile soil and exposed to sunlight, the aminoniacal nitrogen rose 
to 0'0186% from 0'00126% originally present in the soil, which contained ()*(K)1M% 
available nitrogen. In the second series of experiments, the ammoniacal nitrogen 

increased from 0-00192% to 0-0162% and the total available nitrogen in the soil 
was 0'00392%. 

Similarly with molasses, the fixation was less as it contained some ammonium 

salts. 
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Our tesulls show lhat in presence of ammonium sulphate or potassium nitrate, 
the fixation of atmospheric nitrogen in the soil on the addition of cane sugar and 
molasses may be small. 

It appears, therefore, |iat in soils containing a larger percentage of available 
nitrogen, the fixation due |o the addition of energy-rich compounds is less marked. 
In tropical countries, howi§ver, the nitrogen fixation on the addition of molasses or 
other carbonaceous compounds is likely to be always prominent, as the ammonia and 
total nitrogen contents of tropical soils are low. 


PROBABLE MECHANISM OF NITROGEN FIXATION. 

It is believed that under both anaerobic and aerobic conditions, ammonia is the 
first product of nitrogen fixation, as ammonia is easily detected in the fixation of 
atmospheric nitrogen. Glucose has been found to decompose into pyruvic acid and 
hydrogen under anaerobic conditions according to the equation: —Co H12 Oo=2 CH3 
COCOOH + 2H2+ 12 Cal. In presence of the nitrogen of the atmosphere and on the 
soil surface, the hydrogen obtained from the decomposition of glucose may form 
ammonia according to the equation: — N2 + 3H2 = 2NH3 + 24 Cal. 

In presence of oxygen, however, that is, under aerobic conditions, it is difficult to 
assume that ammonia is also the first produce of nitrogen fixation. Because, in pre- 
sence of oxygen, glucose can undergo one or more of the following oxidations on 
the soil surface: — 

( 1 ) CaHx20o 4 - 6O2 = 6CO2 + 6H2O + 676 Cal. 

( 2 ) CeHi 20 (i+ 41/202= 3C2H2O4+3H2O+493 Cal. 

oxalic acid 

( 3 ) CaHi 20 o + 11/202= CoHsOr +2H2O + I99 Cal. 

citric acid 

( 4 ) CeHi20o + 02= CJdioOr +H20 + ^ Cal. 

glycuronic acid 

(5) CuHj20a + i/202= C 0 H 12 O 7 +xCal 

gluconic acid 

It seems that in presence of air, the first change ( 1 ) is the most important. The 
above organic acids, which may be produced under aerobic conditions and the organic 
acids (e.g., acetic, propionic, butyric, lactic, etc.), and traces of alcohol, glycerol, etc., 
which may be generated in anaerobic conditions are also easily oxidized to carbonic 
acid on the soil surface liberating energy. Hence, a large quantity of energy is 
available on the soil surface for nitrogen fixation on the addition of molasses or 
cane sugar to soil exposed to air and light. 
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We have shown that in the photo-chemical or inducec! oiiclaticm cif carliotiyclrates 
in the complete absence of bacteria, ammonium salts are iiiwo procliicccli fleiici! in 
the soil containing compounds of iron, manganese, traces of litiifiiiiin, copper, ^ etc,, 
which are excellent catalysts in oxidation reactions and exposed to sunlight and air, 
the oxidation of the carbohydrates added with molasses h eerlainly due lo liaclerit, 
light and chemical catalysts all acting simultaneously. For olilairiirig the hydrogen 

required for ammonia formation, the following rtuicdon hm lo take |)liicr*: 

jj + OH-112 Cal. The direct combination of nitrogen iind oxygen forming nitric 
oxide according to the equation: N()-4:r2 (' 41 !. appears lo reiiiiire lew 

energy than the process leading to the formation of ammonia, 'll appears, thiit the 
iron compounds, traces of manganese and copper compounds and sunlight, wliicli falls 
on the soil surface can facilitate the formation of nitric oxide from oxygen and 
nitrogen of the air. The nitric oxide can he readily oxidixed to nilrenw iind nitric 
acids, which form nitrates in the soil. 

Dhar and Mukerji (/. Indian Chem, *Soc„ 1934, 11, 727) have shown tliiit 
solutions of nitrates and carbohydrates in presence of Hunlight and titanium oxide 
can readily form small amounts of amino acids, with copious producliofi of iimmonitirn 
salts. It is interesting to note that ammonium salts and carliohydriites when expofied to 
the sunlight in presence of titanium oxide do not, however, form amino ncids. It is 
well known that in plants the proteins, which are mostly the conderwation prodticls of 
amino acids, are only formed when carbohydrates have already iiceumuIntiHl by photo- 
synthesis. The carbohydrates formed by photo-synthesis in plants react with riilriites 
absorbed by plants from the soil and this results in the production of iimino acids, 
proteins and ammonium salts in the plants. As a matter of fact, Wayriick and 
Woodhouse (California, Agric, Exp. Station Annual Report, 1918-19, pp* 62*63) have 
obtained evidence of amino-acid formation in nitrogen fixation by A/.otohacter. It m 
believed that in the first few days of the growth of AzotoliactiT amino acids accumiiliite 
and later on proteins increase. In our experiments with pure cultures of A 2 :cilobficter 
thriving in mannite we have been able to detect amino acids by the valuable 
‘"ninhydrin” test in the filtered liquids obtained by crushing the A^uolobiiclcr cedk 
with sand in a pestle and mortar. According to Jodidi (/. Amer. Chem. Swu, 1910, 
32 , 396 ), Schreiner and Skiner, U. S. Depart. Agr. Bur. Soils Bull., 1912, 87) and 
Lathrop (/. Franklin Inst., 1917 , 183 , 169 , 303, 465), several amino acids are of 
common occurrence in the soil. These amino acids may be olUaincd either by the 
hydrolysis of proteins added to the soil as manure or formed synthetically as expliiincd 
above. It seems likely, therefore, in vitro as wt41 as in the plant and in the soil, the 
nitrate is reduced to ammonia by the action of carbohydrates or other carhonaceous 
compounds with simultaneous formation of amino acids in small quantities. Hence, 
it appears that nitrates are first produced in nitrogen fixation and the nitrates react 
with the energy-rich materials present in the soil with the formation of ammonium 
salts and small amounts of amino acids. 
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NO ANAEROBIC DENITRIFICATION ON THE ADDITION 
OF MOLASSES TO FIELDS. 

Our j&eld experiments as well as those carried on in dishes show that there is 
absolutely no anaerobic denitrification even when large quantities of molasses are 
added to soil exposed to air and light. The available nitrogen (sum of ammoniacal 
and nitric nitrogen) and the total nitrogen contents of the soil are never less than 
the original amounts present in the soil before the addition of molasses. As a matter 
of fact, even a few days after the addition of molasses to the soil, the ammoniacal 
nitrogen is appreciably increased and the available and total nitrogen contents also 
augment due to fixation of atmospheric nitrogen. When the amounts of molasses are 
large and the aeration of the soil inadequate, a part of the nitric nitrogen of the soil 
may be converted into ammoniacal nitrogen but it is never lost to the soil. The 
ammoniacal nitrogen, in course of time, is again oxidized to nitrate. This is a very 
important observation, which differs from the experience of workers in temperate 
climates. It has already been emphasised that the fixation of atmospheric nitrogen 
depends on the velocity of the oxidation of the energy-rich materials added to the soil 
and due to the sunlight and the high temperatures prevalent in tropical soils, the 
oxidation of the carbohydrates and other energy-rich compounds is much greater than 
in colder countries and hence in tropical countries, the soil condition from the view 
point of oxidation reactions are much more favourable than in temperate 
climates. Hence molasses even in large amounts when added to tropical soils, which 
are well aerated, always adds nitrogen to the soil and thus acts as an excellent 
fertiliser to crops and the question of anaerobic nitrogen loss from tropical soils 
does not arise. 

Moreover, our experiments on compost formation with molasses show that the 
total nitrogen in the composts is double the amount originally present in the soil. 
The soil organic matter and humus and carbon are also considerably increased on 
the addition of molasses. Hence the increased nitrogen is stored in the soil and is 
available to plants, the soil organic matter acts as a preserver of the nitrogen. In a 
recent publication we have shown that the percentages of available nitrogen in tropical 
soils are greater in those of temperate climates. Hence the total nitrogen which is 
added to the soil due to nitrogen fixation on the addition of molasses, can partially be 
converted into the available form for absorption by plants. Due to the increase of 
carbon in the soil on the addition of molasses, the increased amounts of nitrogen 
arising out of fixation, are well preserved, as it has been proved in our experiments 
that molasses can preserve the nitrogen added to the soil as ammonium sulphate. 
Hence molasses, which adds both carbon and nitrogen to tropical soils, is a distinctly 
better fertiliser for tropical soils than ammonium sulphate. Our experiments on the 
addition of molasses to fields in two consecutive years show that there is a definite 
residual effect and hence it can be concluded that the nitrogen fixed is available to 
plants for two years. When large amounts of molasses are added, the residual 
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effect may last for more than two years. Hemw moiawcs has wnrra! inlvaritafi'eH 
over artificial nitrogenous manures. 

Another interesting fact has l)een brought out by our rewarehra that no flies or 
insects are attracted and no bad smell is given off even when ivtK) to UHM) maunds of 
molasses are added per acre of land expost-d to light and air. It is well known that 
the soil surface is an excellent adsorbetU, 'I'lie organic suhstanees and the products 
of their decomposition are readily adsorbed hy tlie soil and they undergo decomposi- 
tion readily into carbon dioxide and water and ammonia when the soil is projwrly 
aerated. Hence, molassts is a very suitable fertiliser for tropical eounlri«», a* it 
easily adds both cornldned nitrogen and humus, whieli are tlie <Tyirig neeil of tropienl 
soils. 


EFFICIENCY OF THE NITROGEN FIXATION PllOCF.SSF„S OF 
DIFFERENT KINDS 

It is well known that less than 1 per rent of the energy avaiiahle in the 
oxidation of carbohydrates is utilised in the fixation of nitrogen in presmice of 
Azotobacter. In the Table HI it will be sixm that the efficiency of nitrogen fixation 
in the induced oxidation of glucxise or cane sugar in pnwence of ferrous hydroxide 
is of the same order as in the bacterial fixation. Further work on the effieieney of 
bacterial, photochemical and catalytic nitrogen fixation is in progress. 


FIXATION OF NITROGEN IN ANIMAL AND PLANT RBBPIRATION, 

It is well known that about 400 grams of earboliyilrnles and about 50 grams of 
fat are oxidised in a man to supply the energy requirement per day. Is it likely that 
in this oxidation nitrogen fixation also takes place? The exj)eriments of I,andergren 
.('Skan Archives fur Physiologic, 14 , 112) show that with diets eonlairiing 

carbohydrates and fats, but scarcely any proteins, less than 4 grains of nitrogen are 
eliminated per day in urine. Moreover Catheart (Bhchem, Zeit.. HK)7, 6, 100) has 
obtained a total nitrogen excretion of 2'iV1. grams with a dii't of cream and starch. 
It appears, therefore, that in a diet consisting exclusively of fats and earbohydrales 
the nitrogen elimination is considerably decreased but cannot be altogether stopped. 
It is well known that carbohydrates and fata act as proteins sparer in the animal 
body, because they act as marked negative catalysts in the oxidation of |>roteins. It 
is quite possible that a part of the nitrogen elimination on a diet consisting exclusively 
of fats and carbohydrates may he due to the ammonia formed by nitrogen fixation 
in the animal body. 

Similarly it seems probable that in the plant resjiiratioii also small quantities of 
nitrogepr may be fixed. 
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RULES FOR USING MOLASSES AS MANURE FOR ORDINARY LAND. 

The following rules produce good results with molasses as a fertilizer for in- 
creasing the nitrogen content of the soil : — 

(1) Spread as uniformly as possible 100 to 300 maunds of molasses after 

mixing it with water per acre of land. 

(2) Dig or turn the soil once every week or ten days after the application of 

molasses.* Continue this digging for 2 or 2^2 months and then sow 
the crop. Frequent digging or turning over the soil is necessary for the 
success of the experiment. If 500 to 1000 maunds of molasses per 
acre have to be used, digging or turning the soil has to be continued 
for four to five months before the sowing of the crop. 

Water the soil after the addition of molasses as frequently as you can 
manage. 

“(4) The oxygen of the air combines with the sugars of the molasses and 
liberates energy, which is necessary for the fixation of the nitrogen of 
the air in the soil. In this way the nitrogen of the air combines with 
the oxygen and forms nitrogenous compounds useful for plants and thus 
the soil fertility is increased. Oxygen is necessary for this process 
and the soil must be well aerated by turning it after the addition of 
molasses. 

(5) Our experiments show that flies or insects are not attracted and no bad 
smell is produced even when 500 to 1000 maunds of molasses are 
applied to fields exposed to light and air. The carbohydrates and 
the other ingredients of the molasses are readily absorbed by the soil 
and undergo rapid decomposition and hence the question of a possible 
nuisance due to the addition of molasses to fields does not arise. 

MOLASSES IN THE RECLAMATION OF ALKALI AND USAR LANDS. 

It is estimated that the total area of usar lands in the United Provinces alone 
is more than 4,000,000 acres. Dr. J. A. Voelcker, who examined the extent of 
alkaline lands in Northern India, stated in his “ Improvement of Indian Agriculture^^ 
London, 1893, p. 55, as follows: — “Enormous areas, especially in the plains of 
Northern India, are thus affected, and in the North-West Provinces alone there are 
between four and five thousand square miles of usar land.” In the Punjab, in Behar 
and in the South of India, there arc vast tracts of such unproductive lands. Naturally 
the reclamation of these lands is a problem of great importance to India. The salts, 
which make these lands unfit for growing crops, are the carbonate, sulphate and 
chloride of sodium, sodium carbonate is chiefly responsible for the unproductiveness 
of such lands, which are generally heavy clay soils and are very often termed parti or 
waste lands. 

F. 5 
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A considerable amount of research work has been carried on by Gedroiz in Russia, 
Hilgard in the Western parts of the United States, de’ Sigmond in Hungary, Dymond 
in England and Hissink in the Zuider Zee area in Holland for the reclamation of 
alkali lands and those damaged by sea water in their respective countries. In these 
researches, 12 tons of gypsum, 20 — 30 cwt. of powdered sulphur and large amounts of 
ammonium sulphate per acre of alkali lands have l)een used in their reclamation. 
All these substances are too costly for India. In course of time, the sulphur added 
to the soil is oxidized to sulphuric acid by the joint action of bacteria, cmtalysts and 
light and hence the sodium carbonate of the alkaline soil is neutralized with the 
formation of sodium sulphate, which can be washed away hy flooding the lands. 
Calcium sulphate when added to the alkali soils forms calcium carbonate and sodium 
sulphate, the latter can be removed by washing. The ammonium sulphate reacts 
with sodium carbonate forming ammonium carbonate, which readily decomposes and 
sodium sulphate, which can be dissolved away. 

As molasses is distinctly acidic and as it forms organic acids like acetic, pro* 
pionic, butyric, lactic, etc., when added to the soil, which is not rnucli aerated, 
it was expected that molasses can be used in the reclamation of alkaline soils. 

We have carried on comparative experiments in the reclamation of alkali 
soils by using gypsum, powdered sulphur and molasses. 


Experiments in dishes with two samples of usar soils collected 
from Phaphamm {near Allahabad ) , 

A. 1. 200gms. 8oil+ 8 gms. gypsum 

2. 200 gms. soil + 8 gms. sulphur 

3. 200 gms. soil + 14 gms. molasses 

B. Exactly similar experiments with another sample of umr soil. The Alkalinity of 
the soils after a week was as follows (exposed to sunlight for 36 hours) 


I added and exposed to sunlight 
' in dishes mixed with water. 


Original soil A contained 

Original soil B contained 

Soil with gypsum, A „ 

11 B „ 

Soil with powdered 
sulphur A 

3» B „ 

Soil with molasses 
is acidic A 

B 


NajflOa 

0'00r>04% 

0'00r.9t% 

0'004r)i% 

0-00BH3% „ 

0-00.14B% 

0'005041HO| 
000388 |Ho| 


After 3 Weeks (exposed to sunlight for 100 hours) 

Soil with gyps™ A conl.i„«l 

Q., 1 u A ” ••• 0-00124 „ 

s„iw,.i,»iph„, A „ omno* 


B 


0 00397% 
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Soil with molasses 

is acidic A has ... ... ... 0’00572 [H®] 

„ B has ... ... ... 0*00437 [Ho] 

After 5 weeks (exposed to sunlight for 184 hours) 

Soil with gypsum A contained ... ... ... 0*00328%Na2C08 

„ B „ ... ... ... 000364 „ 

Soil with sulphur A „ ... ... ... 0*00291 „ 

„ B „ ... ... ... 0*00328 „ 

Soil with molasses 

is acidic A has ... ... ... 0*00033 [H^] 

„ B „ ... ... ... 0*00427 [HO] 

The above results show that the acidity of the usar soils treated with molasses 
and the alkalinity of the soils treated with gypsum and powdered sulphur decreases 
with time when exposed to air and light in dishes with frequent addition of distilled 
water. 


Ammoniacal, nitric and total nitrogen contents of alkali soils before and after 
treatment with gypsum, powdered sulphur and molasses and exposed to sunlight. 


Ammoniacal nitrogen 

Nitric nitrogen 

Total available;N. 

Total nitrogen 

Original soils. 





A 

0-00301% 

0-00352% 

0-00653% 

0-028% 

B 

0-00084 

0-00096 

0-0018 

0-0082 

Exposed soils for 60 hours to sunlight, analysed on the 28th October, 1935; soil 
with 7% molasses (containing 60% carbohydrates) 

A 

0-00312 

00032 

0-00632 

0*0294 

B 

0-00216 

000096 

0-00312 

0-0085 

Soil with 4; 

'i gypsum. 




A 

000076 

0 0032 

0-00396 

0-0277 

B 

0-00014 

0*00096 

000110 

0-0077 

Soil with 4% powdered sulphur. 



A 

0-00084 

0-00344 

000424 

0-028 

B 

0-0002 

0-00096 

0-00116 

0-0077 
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Exposed soil to sunlight for 180 hours, analysed on the 20th Noven)i»er, 1935. 


Soil with 7% molasses cotiUdniiig 60% carbohydrates. 



A m n 1 0 n i a, cal n i trogt? ri 

1 Nitric nitrogen 

^ Tokil nitrogen 

B 

0’0042% 

0-00102 

0-00921 

A 

0'00804 

0-00342 

0-0311 

Soil with 4 

% gypsum. 



B 

o'onool 

0-00096 

0-(K)761 

A 

0-0004 

0-00388 

0-0262 

Soil with 4 

% powdered sulphur. 



B 

o-oool 


0-007141 

A 

0-00042 

o-ooh;! 

()-02r.r> 


These results show that the nitrogen of the alkalitie soils increases on the mldition 
of molasses but decreases when gypsum or powdered sulphur is added. 

Baron Berthollet, one of the greatest luminaries of French Science, who avmm- 
panied Napoleon in his Egyptian expedition towards the end of the Ihlli century, was 
struck by the fact that solid sodium carbonate existed on the banka of the Nile. Being 
one of the founders of the law of mass action, Berthollet believed that the aodimn 
carbonate was formed by the interaction of sodium chloride obtained by the Hooding 
of the Nile and the calcium carbonate present in the soil Thin hyputhcaia was 
supported by Hilgard and his colleagues in California, who arc phnicers in the re- 
clamation of alkali soils in the United States, and by the workers in the Mttitcd .States 


Bureau of Soils. 

An ingenious explanation of the formation of sodium carbonate was ofTcrctl by 
Paul de Mondesir in 1888. He was impressed by the fact that calcium chloride is 
obtainable in the aqueous extract of a soil situated near the .sea. And he bclicvetl 
that it must have been formed by the action of sodium chloride on the .soil. He 
tried to explain what happened to the sodium, which did not exist in the soluble stale. 
In order to test this point, he treated soil with a solution of sodium chloride in the 
l^oratoiT and could obtain calcium chloride and an insoluble sodium compound' 
When calcium chloride was removed by washing, the insoluble sodium compound is 
easily decomposed by the action of carbonic acid forming sodium carbonate. By the 
successive interaction of sodium chloride, water, carl.onic acid, and water again, he 
was able to obtain 100 gms. of sodium carbonate from 1 kg. of soil. His experi- 
ments prove, therefore, that the sodium chloride docs not react with calcium 
carbonate as was assumed by Berthollet, but it reacts with the soil forming a sodium 
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adsorpliojn complex: and calcium chloride, which can be removed by washing. The 
sodium adsorption complex can be decomposed by carbonic acid with the formation 
of sodium carbonate. This explanation of Paul de Mondesir has been developed 
and supported by the well-known Russian exponent of soil science, Dr. Gedroiz and 
is generally accepted. 

Principles of Colloid Chemistry were utilized by Gedroiz in his investigations on 
alkali soils of Russia and their reclamation. Gedroiz observed that the amount of 
sodium carbonate that could be dissolved by adding water, decreased with successive 
addition of water. He concluded that the sodium carbonate existed in the adsorbed 
state in the soil. When the soil was treated with sodium sulphate or chloride the 
amount of sodium carbonate extracted with water increased. When sodium chloride 
and calcium carbonate were added to soil and extracted with water, small amounts of 
sodium carbonate were obtained. From his experiments Gedroiz concluded that the 
formation of sodium carbonate in the alkali soil proceeds in three stages — the first 
is the reaction between the sodium chloride and the soil, the second is the washing 
away of the soluble product and the third is the reaction between the insoluble sodium 
compound and the carbonate. The simplest explanation is to assume that the sodium 
chloride reacted with the zeolilic silicates forming a sodium clay, which reacts 
with the carbonate to ;fonn sodium carbonate and a calcium clay. This explanation 
of the formation of the alkaline soils leads us to a method of reclaiming them. 
Washing away of the carbonate with water is certainly inadequate as long as the clay 
remains a sodium one. The proper stop should be the replacement of sodium by 
calcium and this was effected by Hilgard and his associates in California for the 
reclamation of alkali soils in the Western States of the United States. The alkali 
soil was treated with gypsum (calcium sulphate) and followed by flooding with 
water. 12 tons of gypsum per acre of soil were used and this led to the formation of 
sodium sulphate, which could be washed away and the sodium clay was converted into 
a calcium one. The gypsum treatment was also adopted in reclaiming large tracts 
of land in Russia according to the suggestion of Gedroiz and his colleagues. 

Powdered sulphur at the rate of 20 — 30 cwt. per acre has been used with* bene- 
ficial results for the reclamation of alkaline soils. By the joint action of bacteria 
and light the sulphur is oxidized in the soil forming sulphuric acid, which neutralizes 
the alkali present in the alkali soils. Ammonium sulphate has also been used and 
this reacts with calcium carbonate forming calcium sulphate, which can be washed 
out by flooding. 

The reclamation of Hungarian alkali soils has been carried on by de’Sigmond. 
The soils containing sodium salts are reclaimed by reducing the evaporation from the 
surface of the soil and by growing lucerne, which requires large amounts of moisture 
and dries up the soil. In this way the upward movement of the salt is decreased. 
Press lime, gypsum, farmyard manure, etc., have also been used in dissolving the 
calcium carbonate. 
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Interesting results have been obtained by Dymond and Ins colleagues in England 
in the reclamation of the soil spoilt by sea water. They observed that the flooding 
of the land by sea water, at first kills the vegetation by the direct action of the salt. 
When the flood subsided and the rain started, the soils were washed resulting in a 
partial removal of the salts deposited from the .sea water. At this stage, the soil 
was well-suited for a good crop yield. Ilul when tlie soil was further washed by 
rain, it deteriorated as the small amounl.s of salts nc'cessary for the flocculation of the 
clay particles were removed and the clayey soil tlid not subside for weeks, and hence 
cultivation was difficult. Dymond showed that calcium and magnesium of the soil 
were displaced by sodium from the salt water. The initial favourable effect was due 
to the coagulating action of the residual salt left on the clay. But when the salts 
were further washed away by rain, the lack of the presence of el«!trolytC8 causeil the 
soil to be muddy and flocculation of the clay particles difficult. 

Dutch investigators notably Hissink and bis collaborators, from their experience 
in the Zuider Zee reclamation sebemo, an? in agreement with the obsiTvations of 
Dymond and his colleagues. Hissink has stated that the soil left after the sea water has 
drained away is infertile, because it contains .sodium clay and in onh^r to make it 
fertile it must be converted into a calcium clay. The Dutch soil <!Outttins tmough 
calcium for the conversion of the sodium into a calcium clay, but the operation 
takes time. 

The Dutch investigators have found that the soil in the Zuiticr Zee area contains 
sufficient amounts of calcium salts for the conversion of the sodium clay into the 
calcium one. In the first year, after the drainage of the sea water the soil is sticky, wet 
and infertile and unsuitable for vegetation. In the s(*cond year, the raiti water 
removes a good deal of the salt and the soil dries up appreciably and is suitable for 
plant growth. But this state of affairs does not last long and in tfie third year 
practically all the salt is washed out, again making the soil sticky and unsatisfactory 
for cultivation. In the fourth year, the calcium compounds react with the sodium soil 
converting it a calcium one; thus the soil is made suitable for plant growth and at 
this stage the Dutch farmers begin their cultivation. 

It will be evident from the aforesaid that much work has been chme in the 
reclamation of alkali soils in the United States, Russia, Hungary, England, Eratie.e 
and in Holland. No systematic work has, however, b<!en carried out in this country 
in reclaiming large tracts of alkali soils in Northern India as well as in the sea water 
damaged lands in Sundar Bans in Bengal and in Gujrat, Bombay and Madras 
Presidencies. 

As early as 1874, the Irrigation Department of the North-West Provinces was 
trying to reclaim usar lands and in 1877 a “ Reh ” Committee was appointed to in- 
vestigate the problem. Subsequently, experiments were started at Awa in 1879, at 
Cawnpore in 1882 and at Aligarh in 1885. Unfortunately as no qualified chemist 
was associated in these experiments, no substantial results were obtained as is evident 



( 39 ) 

from the follow^mg lines written by the Director of Agriculture, U. P., in his letter 
of November 13, 1935: — 

“ Usar reclamation experiments were carried out by this Department at Juhi 
(Cawnpore) and Abbaspur (Unao) without appreciable results and the 
babul plantations at the places were transferred to the Forest Depart- 
ment. The matter may, therefore, be please referred to that Department.” 

The late Dr. J. W. Leather, who was the Imperial Agricultural Chemist, carried 
on the analysis of the scrapings from usar fields near Aligarh and other parts of 
U. P. and also tried to reclaim usar lands by applying gypsum. His results show 
that no wheat grows on soils containing 0*008% to 0*082% sodium carbonate even 
when treated with gypsum. 

Leather’s conclusions (c/. Investigations on usar land in the U. P. by J. W. 
Leather, Allahabad, 1914, p. 37) are as follows: — 

(1) “The only experiment which can claim to have really reclaimed the 

usar land is the application of gypsum. The cost of sufficient gypsum 
to effect this was very great— about Rs. 700 or Rs. 800 per acre — and 
is obviously prohibitive. Even if the cost of gypsum could be reduced 
to one-half (what was employed cost about Rs. 20 per ton) it would 
still be too expensive if required in the quantity that this land did 
require it. 

(2) “The effect of deep and good cultivation coupled with heavy manuring 

has not been either what is indicated to the unaided eye nor what might 
have been anticipated. The surface foot of soil has been apparently 
reclaimed, but below this the soil is as bad as ever. 

(3) “ Scraping off the salts is practically useless.” 

In the most highly impervious usar soils, Leather found 0*01% to 0*19% of 
sodium carbonate. 

Recently Dr. Dalip Singh and Mr. S. D. Nijhawan {Indian J. Agric. ScL, 1932, 
2 , 1) have studied the kallar soils at Lyallpur, Lala Kaku, Montgomery, Bara Farm in 
the Punjab. They have reported that the alkaline soils available in these parts contain 
0*63 — 1*07% of soluble salts in the first four feet and the following ingredients: — 
Insoluble residue 79% ; soluble silica 0*2% ; Fe203 4*25% ; AI2O3 5*8% ; CaO 3*84% ; 
MgO 2*2% ; Na20 0*56% ; K2O 0*76% ; P2O5 0*25% ;N 0*026% ; organic matter 0*35%. 
These authors treated the alkali soils with a mixture of calcium chloride and calcium 
sulphate and reported an increase of permeability after 4 years, the addition of the 
calcium salts being continued every year. The pn was 9 before and it became 8*2 
after treatment. Normal soils contain 0*1% calcium as exchangeable base and sodium 
0*06% to 0*10%. The exchangable calcium before treatment were 0*03% to 0*05% 
and after treatment it was 0*06% to 0*11% and sodium 0*3% to 0*5%. 
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Our results shO'W that for the reclamation of alkali soils of the dry Iricti of 
Northern India, molasses can be very usefully applied. It m w«dl known tiiiil molasses 
contains between 60 to 70 per cent of carbohydrates. 4*5% potash, 2 % lime, (1*5% 
phosphoric acid, 0*5% silica, 0*5% iron and alumiriium otulm imd 0*5%:- comidned 
nitrogen and the rest, water. Mor(‘<)V<‘r, rnolasHes is dislirietty iicidie. Hrsearclt work 
carried on in Allahabad, Bangalore, Java. Hawaii and other sugar»prodiieiiig coiinlries 
shows that when molasses is added to llie soil, ahnig with carbonic acid, organic 
acids like acetic, propionic, butyric, lactic, etc,, are produml in the early sliig« in 
the decomposition and partial oxidation of the earbobytl rates present in rnoIiiHses, 
Consequently the acids present in molasses and those o}>tained froin the decorrifiosi- 
tion and partial oxidation can neutralize the alkali of the soils rich in iilkali. More- 
over, the carbonic acid, which is produced in large amountH from the d«H*oriipcmitbri 
and oxidation of the carbohydrates can convert the sodium carhoniite into hicfirhoniile. 
Also, in the process of the escape of carbonic acid from the moliissed soil, the Iiitliir 
is rendered porous and its tilth is improved. Tlie iiivt^sligatiouH at Altiihahiid show 
definitely that the moisture content of the molass(‘d soil is appreciably higluo” than 
that of the unmolassed one. The lirm^ which is inltlcd to the soil along with the 
molasses is rendered soluble by the organic acids formetl from mohisHcs and in lietpfiil 
in the conversion of the sodium soil into the calcium one. 

In publications on the utilization of molasses as a fertilizer, we have shown that 
ammonium salts and total nitrogen are increast?d when molasses is adilial to the soil, 
which has been aerated by ploughing. It has been established that the energy set free 
in the oxidation of the carbohydraUis of the molasstss is utilized in llie fixatinn of the 
atmospheric nitrogen in the soil. The oxidation of the carliohyd rules in the moIusHes 
leading to nitrogen fixation can be effet^ed througli the agency of hiieleriii fiizofn. 
bacter), sunlight, inductors and catalysts like iron, copper, rniingiineMf\ itnd tilimium 
compounds. All these substanexss are prmmt in the soil under normal eonditiorw. 
Hence along with the neutralization of the sodium carbonate of tiie alkali roiIh tiy the 
acids produced in the decomposition and partial oxidation of tlie carl»oliyd rules of 
the molasses, appreciable amounts of ammonium salts and proteins arc* added to the 
soil, which is thus rendered fertile. The acetate, propionatt% butyrate. Incline, etc., 
produced in the neutralization of the organic acids oluained from molasses iirid 
sodium carbonate of the alkaline soils are also oxidistal in the soil in course of 

time, liberating further energy to be ptilized in the* fixation of atmospheric* 
nitrogen. 

It is well known that when energy-rich suhstancea like carbohydrates, proleitm. 
etc., are added to the soil, its microbial population is greatly increased, as the micro, 
organisms can utilize the energy-rich compounds a.H food for their growth anti multi- 
plication The micro-organisms are hel,,fnl in the decomposition of tht- soil organic 
compounds, and in the conservation of the nitrogen and thus tl.e porosity and fertility 
of the soil IS increased. The workers at Allahabad and at Java have shown that 
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the fertilizing action of molasses, when added to ordinary soils, is due almost ex- 
clusively to the carbohydrates existing in the molasses, as it has been established that 
the effect produced by equivalent amounts of nitrogenous compounds, potash, and 
phosphate on the growth of vegetation is exceedingly small in comparison with the 
effect produced with molasses. 

Molasses to the extent of 100 — 500 maunds per acre has been applied in some 
alkaline fields in Cawnpore and other places in the United Provinces in two consecu- 
tive years and three months after the second application an excellent crop of sunn -hemp 
and other plants were obtained, where no vegetation could be grown due to the high 
alkalinity of the soil. If larger quantity of molasses could be used, say 500 to 1000 
maunds per acre on the alkali soil, plants can be grown in such soils six months after 
the application of the molasses. The soil should be ploughed before the application of 
molasses. After applying molasses, the land should be watered and should be dug 
or turned over once every month. It is clear, therefore, that over and above, the 
well-known methods available for the reclamation of alkali soils {e.g., addition -of 
powdered sulphur, gypsum, ammonium sulphate, etc.), molasses can be utilized in 
the reclamation of alkali soils. This process should be useful especially in areas 
near sugar factories. Molasses when added to the soil neutralizes the sodium 
carbonate of the alkali soils, increases the soil micro-organisms, the humus, the nitrogen 
and ammonia contents, and also the water-retention capacity and the calcium salts, 
which are readily soluble. Moreover, it improves the soil tilth and humus content. 
The calcium added with molasses also helps in the conversion of the sodium clay into 
the calcium one and all these go towards the reclamation of the alkali soils on the 
addition of molasses. 

The soluble calcium salts are helpful in the improvement of the soil tilth by their 
flocculating power on the cl4y particles. Moreover, in presence of soluble calcium 
salts, the permeability of the soil is greatly improved. Our results show that molasses 
is a better reclaiming agent for alkaline lands than either gypsum or powdered 
sulphur, as there is nitrogen loss from soils when these latter reclaiming agents are 
added to alkaline soil, whilst molasses adds nitrogen. The reclaiming effect of 
molasses is much quicker than that of gypsum or powdered sulphur, because the acids 
formed from molasses neutralize the alkali quickly and the soluble calcium salts 
added with molasses improves the tilth and permeability of the soil. It has been 
reported that four years are necessary for reclaiming alkaline lands on treatment with 
gypsum or powdered sulphur but with molasses, four to six months are quite 
adequate. 

Moreover, as the usar lands contain much less total nitrogen (0'02% as against 
0*04% in normal soils) and as there is nitrogen loss from usar lands on the addition 
of gypsum or powdered sulphur, it seems improbable that these two substances could 
be used as reclaiming agents in tropical soils; they may be suitable for the soils of 
temperate countries as they contain more nitrogen (0*1% total nitrogen). 

F. G 
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We have repeatedly observed that the pink colour of phenol phthalein obtained 
by adding this indicator to usar soil mixed with water is quickly destroyed by adding 
molasses. 

We have carried on comparative experiments on the {Ksrmeahility of water 
through alkaline soils when treated with gypsum, powdered sulphur and molasses 
and we have observed that the permeability is increased to a greater extent on the 
addition of molasses to alkaline soils than with gypsum or powdered sulphur. More- 
over, our experiments show that suspensions of alkaline soils in water rtmdily 
coagulate with formation of aggregates, which settle very readily on the addition of 
molasses to the alkaline soil suspensions. 

Presscakes from sugar factories containing large proportions of carbohydrates 
and calcium compounds are also very useful in the rt'clamation of alkali and mar 
lands. 

It has been argued that the Indian cultivator being eonw^rvative, would not adopt 
molasses as fertilizer. To refute this argument against the tjse of molasses it is only 
necessary to quote the following lines from the important Government publication, 
Report on the Improvement of Indian Agriculture by Dr. J. A. Voelcker, who came 
out to India and studied the problem for over a year: - 

“ The India^i cultivator shows by the money which he is willing to pay lor 

manure when able to afford it, that he is by no means ignorant of its value 

(page 95). 

“ At Mahim (Bombay) I found that Rs. 96 an acre was quite an ordinary amount 
to spend in manure for the ‘ garden ’ crops. Even larger sums than this are expended 
over betel vines, as much as Rs. 280 to Rs. 380 an acre being given out in manure, 
while for ginger, sugarcane, and plantains the cost frequently goes up to Rs. 1(»0 
per acre. At Poona, as much as Rs. 200 per acre is spent for sugarcane; at Amritsar, 
Rs. 43 an acre for the potato crop; at Hoshiarpur Rs. (>0 an acre for sugarcane.” 

Even in England, there is plenty of scope for the improvement of Agriculture, 
as is evident from the following comment of Nature, August 10, 1935, on a recent 
lecture of Sir John Russell, the Director of the Rothamsted Experiment Station:-— 

“The history of British Agriculture shows that although men of enlightenment 
have seldom been lacking, progress has usually been extremely slow, owing to the 
crusted conservatism of the farming population. In the last hundred years, Science 
has done wonders in giving the farmer the means to increase production, but although 
he has used them to some extent, the potentialities, especially of fertilizers and of 
scientific breeding, still remain very great.” 



SUMMARY 


1. When cane sugar solutions mixed with sterilized soil are exposed to sunlight 
for a long time in quartz vessels under sterile conditions, there is appreciable increase 
in the available and total nitrogen contents of the sterile soil. 

2. Experiments show that 4 milligrams of nitrogen are fixed as ammonia 
per gram of glucose or cane sugar oxidized by passing air through solutions 
of these carbohydrates in presence of ferrous hydroxide. It appears that the 
efficiency of nitrogen fixation obtained in the induced oxidation of carbohydrates 
is of the same order as that with cultures of Azotobacter thriving in flasks. 

3. When cane sugar solution is added to ordinary soils and exposed to 
sunlight and air, the ammoniacal and total nitrogen are increased. 

4. When molasses in different amounts are added to soils in dishes and exposed 
to sunlight and air, the ammoniacal and total nitrogen are also increased. This 
increase of nitrogen is always greater in sunlight than in the dark. 

5. Our experimental results show that in the photochemical or induced oxidation 
of carbohydrates, nitrogen fixation can take place. The oxidation of energy- rich 
organic com[)ound8 by air cither by light absorption or by chemical induction or by 
bacterial action causes the fixation of atmospherics nitrogcni. ft a[)p(^ars, tlicrefore, 
that in tropical countries in ordinary soils the fixation of atmospheric nitrogen hy 
the addition of energy-rich compounds is partially bacterial and partially photo- 
chemical and catalytic. 

6. Field experiments with molasses when mixed with soil, show that there is 
an appreciable increase in the total nitrogen and ammoniacal nitrogen contents, The 
amount of ammoniacal nitrogen goes on increasing up to a limiting value when it 
decreases. But at this stage, the nitric nitrogen increases due to the oxidation of 
the ammonium salts formed from nitrogen fixation, and the C : N ratio tends to ap- 
proach the normal value. This is the time when crops are to be sown on the molassed 
fields. Using 10800 kilograms of molasses per acre of land and digging or turning 
over once in 10 days, the land is ready for crops in about 12 weeks, with 3600 to 
7200 kilograms per acre, it is suitable in about 8 weeks. If quantities largc^r tlian 
10800 kilograms of molasses per acre of land are added, al)Out four to five months^ 
interval will be necessary. In all our field trials with molasses as a ferlilizctr we 
have always observed an incrciise of total and availal)le nitrogen. MortiovtT, as 
molasses contain potash, pliosphalcj, lime and as nilrogen is fixed in molasstnl lands, 
it is an excellent fertilizer for tropical soils. 

7. The moisture content of molassi^d lands is always greater tlmn in llie 
unrnolassed ones. 


43 
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8. Excellent composts containing double the amount «jf lolnl nitrogen as is 
originally present in the soil have been obtained by mixing molasses with soil in heaps, 
which are exposed to air and light. The soil organic matter and hiirinw and carbon 
are also considerably increased on the addition of molassi*. 

9. The available and total nitrogen of soils, which have lieeii molassed for two 
consecutive years, are greater than in soils rnolassed once. It seems, therefore, tlmit 
molasses exert a residual effect on tluj soil. 

10. This new method of nitrogen fixation hasial on the principle of tfii! iitilii;’* 
ation of the energy available from the oxidation of carbohydrates iiimI other orgiiriic 
compounds in the soil should he largely utilised in tropical countries, where the 
velocity of the oxidation of substances in the soil it high under ordinary coridilioiw 
due to the high temperaturc^s and light absorption. 

11. In cold countries, the soil temperature being low and due to lack of sun* 
shine, the velocity of the oxidation of energy-rich substances presimt in the molasses 
may be small and thus the energy available from the oxidation of carlKiIiyil rates may 
be too small for any marked nitrogen fixation. Morwver, in temperate climates, 
Azotobacter is not suitable for nitrogen fixation, as our experimenis and those curried 
on in other countries show that nitrogen fixation by Azotobacter at UP and lower 
temperatures is practically nothing and Azotobacter requires more beat than most 
other bacteria and that is why Azotobacte*r has not bexm utilized by agriculturists in 
cold countries for nitrogen fixation. 

12. Azotobacter should be widely utilized in the fixation of atmospheric nitrogen 
in the soil of tropical countries, when fed with energy-rich substantx^s like moiiisses, 
presscakes, etc. 

13. Our results obtained with ammonium sulphate added to the soil with iirid 
without molasses show that the total and available nitrogen of llie moiiwsed plots are 
always greater than those in the unmolasscd plots. Hence molasses not only fix 
nitrogen in the soil but also acts as a sparer of nitrogen in tlie soil and this m ii very 
important application of molasses. In tropical countries a mixture of molasses find 
ammonium salts is a better fertilizer than ammonium sail alone. 

14. Cane sugar has also been found to act as a sparer of soil nilrogeti. When 

molasses or cane sugar is added even in large quanlitira to the soil exposed to light 
and air, there is no evidence of anaerobic denitrification in all our experiments, 

although it has been generally believed that in such cases, anaerobic denitrification 
sets in. 

li Molasses has been found to he a better reclaiming agent for alkaline fields 
than gypsum or powdered sulphur. 

16.^ It appears probable that nitrogen fixation takes place in animal or plant 
respiration. * 
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17. Il that m aerohio nitrogen fixation through the agencies of bacteria, 

light and eheitiieal induction, the nitrogen and oxygen combine forming nitrate, 
which in its turn is converted into ammonia and small amounts of amino acids. 

18. Greater yields of rice and sugarcane have been obtained with molasses as 
a manure. 

19. The existing methods of utilizing molasses (e.g., manufacture of power 
alcohol, acetic acid, etc.) are inadequate for the disposal of the total production of 
this substance in India. Hence it should be used as a manure. 

20. Our experiments as well as those carried on in Java show that the increased 
fertility of the soil on the addition of molasses is chiefly due to the carbohydrates 
present in the molasses, as an equivalent amount of minerals and combined nitrogen 
as present in molasses produce very slight effect in improving the crop yield. It is 
quite clear from our experiments that the nitrogen fixed on the addition of molasses 
to the soil is the chief cause of the increased soil fertility observed on the addition 
of molasses. Hence, the process in which the molasses is burnt and the potash is 
utilized as manure, is unsatisfactory. 

21. Experimental results show that molasses when added to alkali soils and 
watered converts the alkali soils into acidic ones. 

22. The carbohydrates present in molasses when mixed with soil, which is not 
sufficiently aerated, are partially oxidized to carbonic acid and partially converted 
into organic acids {e.g,, acetic, lactic, propionic, butyric, etc.). These organic acids 
neutralize the alkali of the alkali lands. 

23. The acetates, propionates, lactates, etc., formed in the neutralization of the 
alkali and the organic acids are oxidized to carbonic acid on the soil surface in course 
of time. In the oxidation of the carbohydrates and the organic acids and their salts, 
energy is set free and this is utilized in nitrogen fixation in soils. 

24. The soluble calcium salts added with molasses flocculate the clay particles 
readily, and hence improves the permeability and tilth of the soil. 

25. The bacterial population of molassed soils is greater than that of the un- 
molassed ones. All these factors are useful in the reclamation of alkali and usar 
lands. 


Figures show that 1*2 acres of land under cultivation are available for each 
head of the population in India as against 2*6 acres in the United States and 2*3 acres 
in France. Hence we have to face the plain fact that we have in this country one- 
half the area of cultivated land for a unit of population. 

It would appear from what has already been said that utilization of molasses 
and presscakes as fertilizer and as reclaiming agents of alkaline lands will solve 
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both problems— the difficulty in the proper disposal and the supply of combined 
nitrogen to the soil and make more land availalde for cultivation mid tliiw increase 
the output of crop. The masses of the Indian population could ihtia In? iM^ttcr notirisli- 
ed and their standard of living raised above subsistence Icvcd, 

As ive all know the Indo-Gangetic plain covers most of the HUgiirearie iiml other 
crop-growing area in this country. Allahalunb which is rattier cent rally sitiiiiteii is 
thus admirably suited to lie a centre for researcli on fertili/.ers and allied probletiiH. 

It has been my earnest desire and ambition to he'l|i in building up ii great eerilre 
for Agricultural research in Allahaliad where ehemiste and otlier acieiitbls from 
different parts could work together and cislablkh a liaison will* the tillers of iln? 
land in lessening their difficulties and improving the yiehL 1 am trying to do riiy 
humble bit in this matter and have already procured land on whicli I am cr<!cting a 
laboratory, which is now almost ready. The need for esIaldiHliing a research 
centre where chemists, agriculturists and tillers of land would coojieriile to inifirove 
the crop yield cannot be over-rated. The matter is one of utmost imporliuice to the 
cultivators as well as the population in general, so the Government and the public 
may naturally be expected to take an effective? interest in the proposeil scheme. May 
I respectfully appeal to the Head of our Government and to the piihlic for support of 
this scheme? 



Speech delivered by His Excellency Sir HARRY HAIG, K.C.SJ., C.I.E., 
I.C.S., Governor of the United Provinces of Agra and Oudh, at the 
Fifth Annual Meeting of the Academy of Sciences, United Provinces 
of Agra and Oudh, Allahabad, on Thursday, 19th December, 1935. 

Your President has been kind enough to welcome me to your Fifth Annual 
Meeting, and I appreciate highly the opportunity of coming in contact with the 
Academy of Sciences. Allahabad, as I have come to realize more vividly in these 
last weeks, is a great centre of intellectual activity, and it is not unnatural that this 
Academy with its headquarters in Allahabad should be able to claim for itself an 
all-India status. As Patron of this Academy I am not expected to have any special 
knowledge of science. The functions of a patron, I understand, are limited to 
providing some support. Even in this respect I am perhaps inadequately equipped. 
Governors, it is true, are supposed to have something to do with the loosening and 
tightening of the public purse strings. But that process is not of much significance 
when the purse is empty. However that may be, you have my very good wishes, 
and, as the poet says, 

Evermore thanks, the exchequer of the poor.” 

It is fortunately not necessary to be a man of science to appreciate what science 
has done and is doing not merely for the advancement of knowledge in general, but 
in placing before us new processes and new devices for dealing with the otherwise 
intractable material facts of life. Those facts present a constant challenge to the 
inventive mind, and offer to science a series of problems which may be said to be 
continually expanding. Your President has devoted his address this afternoon to 
one of these problems which is of the greatest importance to this province and has 
explained in language, which he has been kind enough to keep as untechnical as 
possible, the conclusions of scientific enquiry and experiment upon it. Those con- 
clusions are of great interest, and open out a fascinating vista of developments in our 
agricultural practice. The conclusions of Professor Dhar are new to me, but it is 
clearly necessary for the local Government to examine most carefully the economics 

of their application to practical agriculture. 

The surgarcane crop is one of the most important and profitable in this 
province and its rapid development in recent years has been the most striking and 
hopeful feature in our agriculture. This development has naturally given rise to 
many problems, not the least of which is the necessity of putting back into the land 
in some form of fertilizer what is taken from it in considerable quantities by this 
crop It is what is known as an exhausting crop, and there is a danger that the 
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agriculturist may, by growing it. use up the capital rcsourccB of fits land, unless 
he takes appropriate meaBures. Professor Dhar now fiolcls on! tlie attractive prospect of 
putting back into the land by means of a liy-product of sugar what han liceri taken from 
it by the sugarcane crop. His researcfies offer at the sarni' tirm‘ tli«‘ |Hmsibility of the 
solution of a problem that has been Iroulding the sugar miiuuftielurer, and lluit is 
the disposal of molasses for w'hieli hilherlo no satisfactory market has been obtained. 
If we could at one and the sarni‘ linn- provide a market for thr* molasses turned out 
by our sugar factories, and a satisfactory and cdieap fcTtilizer for the laucl whicli h 
growing sugarcane, a (loul)le lierudit of very wide extent would In* eonferred on the 
province. I can only say that we shall he anxious to examine promptly the practi- 
cal possibilities of Professor Dhar s sciimlific conelusiorm. PrxdVssor Dliar has alwo 
held out to us the hope of a tu^w jirocess of reclaiming the very ronsidf*ridde areas 
of alkaline lands in this province. Here again if practical ex|ieriment estidilishes 
the economic possibility of this protu^ss, the effect on our agriculture will hi* gr*mt» 

Professor Dhar is hoping to fniild up in Allahaluid au imfiortatit cent re for iigri* 
cultural research. He is already erecting a lahoratory as tin* first step in the 
development of this idea. I shall walidi its future progress with the greatest iutf‘reHt. 
There are a large numher of prohhuns of agriculture whicli are awiiitin|c thorougli 
scientific investigation. Any scientific worker, who devotes his talents arid interest 
to this field, may be sure that he will lie making a eontrilnition of gr«*at value to 
the improvement of the economic conditions of the millions wlio live in this province 
by the land. 

Gentlemen, I am glad to have had the opportunity of meeting so many dtHtim 
guished scientists gathered together at this Annual Mw^ting and to find that the 
Academy of Sciences has such a vigorous practical life m a focus of scieutific 
knowledge. I wish it continued success in tlu* future. 



VOTE OF THANKS 


In proposing the vote of thanks to His f]xcellency tlie Patron, the Ilon’hle Sir Shall 
Mohammad Sulaiman, Kt., M.A., LL.D., Chief Justice, High Court, Allahabad and 
Fellow of the Academy of Sciences, U. P., spoke as follows:" 

Your B]xcb:i.ub:ncy, 

On behalf of the Fellows and the Members of tlie U. P. Academy of Sciences it 
is my pleasant duty to oITer our thanks to Your Excellency and express our grateful- 
ness that you have lieen pleased to find time in the midst of your multifarious 
engagements to preside over tins session. On the occasion of sucli a gathering, the 
presence of th(‘. Governor of the fVovinciu who is the Patron of the Academy, is a 
sourci^ of immense encouragement and a sun^ guarantees of the continued financial 
sup|)ort of th(‘ Government. 

Tlie U. P. Academy was (Ik^ first Acadimiy of its kind to hc^ established in this 
country, and (‘an justly lake pride in htung the seniormost Academy of Scien(‘.(*s in 
India, With tin* warm bh^ssings from eminent MatlumuUieians and Heientists of the 
world, this Academy was founded during the regime of His ExcadbuH’y Sir Malcolm 
Hailey, who presided at its inaugural nuHUing, W(^ all ar<^ iiuletHl v<Ty glad to find 
that the same keen interest in this s(‘i(‘nlifie institution is now continued by It'our 
Excellency, and w(‘ confubmlly hope that this Academy will flourish under your 
distinguished patronage. With the help of substantial grants from the U. P. (Gov- 
ernment this Academy has lieen able to extend and inertuise its inUivitic^s. and is soon 
lo adopt an All-India constitution. It is our l(*gitimat(» (*x|>(HrUition that the Academy 
with its expansion will recauvi* support from Your Exeedhmey's (Jovernnamt in a 
still larg(‘r measure. 

During the few years that tlu' Acaebuny of' ,Sci<‘ne(‘s has Ihmui in (‘xisU‘ne<‘ it ha.s 
been able to do valnahle work and has re(M‘iv(‘<l n‘eognilion and appreciation in 
Europe and America. Under the abl(‘ guidanc(" of its first Pn^sidemt. Ib’of. M. N. 
Saha, a Scientist of InU^rnational n^putation, tlu' Acauhnny was soon lo ac‘t|uire a 
position of importance for ils(‘lf. 'nn‘ indtd'atigable^ industry of its first (/(mmal 
Secretaries, particularly of lh*of. A. G. Banerji who wa.s incharg(‘ of llu‘ oHicc' iimxx 
placed the organisation on a firm footing. Th(‘ siiuanx^ diwotion of its olTaa^ Ixuirers, 
particularly of the jirmmt GcuHU'al S(*er(Uary, Dr, l\ E. Hrivastava, <*usur<\H that tli(‘ 
work of the Academy will be well looked after, and its Proceediugs will starve as a 
useful medium for the |)ublication of mathematical and scientific jiapers, for which 
the papers abroad cannot find space owing lo the cmorniotis oulpnl of work in llifir 
countries. The present President, Prof. N* H. Dhar, in his Presidential Addres,^ 
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has given us the result of his valuable researehes mi the use <if iiiulawes for the 
fertiliziation of agricultural lands* As Your Kxt‘e!leiu'y has cibiHerveci ttie Indian 
sugar factories arc finding it difficult to dispose of their itinliiwes; iiikI it is to 

bo hoped that with the enormous growth of the sugar industr)', the iilili/ittioii oi 
molasses on economical lines will rnccU a great need nnd help the devrlopmetil of 
Indian agriculture. 

The Fellows and tlu^ Mmnhers of lh<» Acarlem) lire ilet^ply griitefiil t<» Yciur 
Excellency for taking the trouble to etmie to this Aritiuiil meeting, nnd w-e feel liiglily 
honoured by your presence. On hctiaif of all of us aHsemblrcl here tcediiy I ofer 
to Your Excellency our sincere thanks for your kind good wishes iiccorfiiHl Ici the 
Academy, which is undoulilcdly an indispensalde iiecorrijiiiniiiient of University 
research work. Ladicts and gentlemetn I formally propose a lieiirly vote of thiiiiks to 
His Excellency the Patron, 

Prof. K. N. Ball], in seconding the vote of thunks, stiitf‘d tliiil he wished many 
happy returns of the day in which the Patron of the Anidenn would he kind tmoiigh 
to preside over the annual gatheriug. 



APPENDIX 1 

ABSTRACTS OP THE PROCEEDINGS 


The council expressed its deep gratitude to the Gove^t^jent of the 
United Provinces for the grant of Rs. 2,000 awarded to the Aktemy for 
the year 1935-36. 

The council resolved that the rules and regulations of the Academy 
of Sciences, U. P., be duly changed in conformity with the Companies Act 

The, council welcomed tlie proposal of the National Institute of 
Sciences of India regarding the cooperation of the Academy of Sciences, 
U. P., in the publication by the Institute of some sort of a eompfes rendns 
containing summaries of papers publislK><l in India and resolved to send 
for publication in the Indian Science Abstracts the abstracts of pa])ers as 
soon as they are published by the Academy. It resolved further that each 
author be requested to send brief typed abstract of his i)ai)er in duplicate 
for this purpose. 

The council resolved that the Vice-Chancellor of the Allahabad 
University, Allahabad, be elected a Benefactor of tlie Academy of Sciences 
of the United Provinces of Agra and Oudh. 

The council resolved that the volumes of the Proceedings of the 
Academy of Sciences, U. P., should be arraaged from 1936 according to the 
calendar year and not according to the academic year as at present. 

The following two members were elected Fellows of the Acadenty 
in the Fellows’ meeting held on November 30, 1935 : — 

1. The Hon’ble Sir Shah Mohammad Sulaiman, Kt., M.A., LL.D., 
Chief Justice, High Court of Judicature, Allahabad. 

2. Dr. R. N. Ghosh, D. Sc., Lecturer, Physics Department, Allahabad 
University, Allahabad. 

The following members were elected office-bearers and the Members 
of the Council for the year 1936 in the Annual Meeting held on December 
19, 1935. 

President 

1. N. R. Dhar, D.Sc., F.I.C., I.K.S. 

V icc'Presidents 

2. K. N. Bahl, D.Sc., D.Phil. 

3. A. C. Banerji, M.A., M.Sc., F.R.A.S., I.E.vS, 
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Hony, Traaturer 

4. H. R. Mehra, M.vSc., Ph D. 

General Secretaries 

5. S. M. vSane, ILSc., Pli.l>, 

A. P, L. vSriva.slava, M.A, I>.Pliil, 

Foreign Secretary 

7. B. Sahiii, D.vSc,, Sc.D., P'.R.S., I'.d 8., i'.A S.Il. 

Other Members of the Council 

K K. C. Mthla, M.v8c, Pli.I). 

M. N. vSaha, DSc., P.K8. 

10. S. vS. BliaUiaxar, O.M.K, DSc, 

1 1. Ch. Wall Mohaniiiiac), M.A., Pli 0,. I !•; S 
IJ. vShri Raiijan, D.Sc. 

U. Lt.-Col., R. N. Chopra, C.LK, M It. I, MS 
14. C. W. B. Normaiid, I) So., M A. 

13. I). R. Bliattacharya, D.Sc, Pli 1) , 

16. P. K. Paiija, M.A., B.Sc, 1 K8 



APPENDIX 2 


LIST OF OFFICE-BEARERS AND MEMBERS OF THE COUNCIL 

1935 

President 

1. N. R. Dhar, D.Sc, RI.C., 1. E. vS. 

Vice-Presidents 

2. K. N. liuhl, DEC., 1). Phil. 

3. A. C. naiKTji, iM.A,, M.vSc., I'.R.A.vS, I.ES, 

Hony. Treasurer 
•I. H. R. MNirn, Ph.D. 

General Secretaries 

5. S. M. Sane, P.Sc., Ph D. 

6. P. L. vSriva.stava, M A., D.Phil. 

Foreign Secretary 

7. H, Salmi, D.vSc.. Sc.D, E.R.S, P'.G.S , P'.A.S.U. 

Other Members of the Council 

8. K. C. Mehta, Ph.D. 
y. M. N. Saha, I'.R.S. 

10. S. S. Joshi, D.Sc. 

11. Ch. Wall Mohainnuul, M.A.. Pli I)., I.E.S. 

12. vSliri Raiijan, D.Sc. 

13. Rudolf Samuel, Ph.D. 

14. J. A Strang, M. A. 

15. D. R. Bhattacharya, D.Sc., Ph.D,, I-.Z.vS. 

If). K. C. Pandya, Ph.D. 
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ORDINARY MEMBERS 

R.— Resident N.'—Non- Resident. 

Denotes a P'ellow, 

t — Denotes a PVllow of tlie National Institute of Sciences of Iiuiia 


Date of 
Election 

si-in-ar. 

R 

20-4-35 

i'N 

17-4-31 

R 

10-5-35 

fR 

1-1-30 

i-N* 

1-1-30 

tR'' 

29-2-32 

R 

22-12-32 

fN 

17-4-31 

N 

31-10-35 

R 

19-3-31 

R 

17-4-31 

R 

17-4-31 

R 

17-12-85 

R 

21-4-33 

i-N* 

20-12-34 

R 

1-1-31 

fR* 

17-4-31 

R 

31-10-35 

N 


Alplinhctical Li>t of (Ordinary Moadaa’M 


Agarwal, Rai Amah Nath, Bari Kotld. Daraifaiti* Allahalmd, 

Ajrekar, SiiEieAn Lakhilman, B,A., IJvS., I'n^fr.mtr fif ikhaif, 
Gujarat ( V)lle^^e, AlinaHlabad, 

Asundi, R K., PnJX, /iW/t/rr* Iliyair-H DapartUHait, Mu«I!tu P'liiver* 
sity, Aligarh. 

Ayyangar, G. N. Eanoabwamh Hao liAHAinJH, B A . I, A H. Jliilkis 
BpmaUst if) thfi. Oovmimml of Modrto^, Agri<’idf.tiral 
Institute, P.O. Lawley Hoad, Goinibalorc*. 

Bahl, K.N., D.Pnn^, PfoffMof of Zoftlotjn^ Luokiuiw PniAai*- 
sity, Lucknow. 

Banerji, A.(J,M.A., F.R.A.K, l.MH,, Profrmtir of Mothroinik\% 
Allahabad tJuivcrsity. Allahabad. 

Banerji, G.N,Tha Bcientific Instruiucut ( Vun|mu\\ lad., Ifortdiy 
Road, Bombay, 

Banerji, R.K., MHmralaftwU OanoHbkbind Hoad. Ponuit o. 

Ba8u,SARAr>rNr)ir,M.S(5., MdmralfHfmi, Ganwlikliind Road, Poona ^ 

Bharadwaja, Yajnavalkya, D.Hc, Profrunot of IhkuitL Himlu 
University, Bennre.s, 

Bhargava,RAra(jiUM, M.R<’., Rmrkr, lltysics Dcpfirtmeiif, Alliihidifitl 
UniverHity, Allahabad. 

Vasiiishta, ma/ .sW//o/v/oai/*' 

Judge, Agra, 

Bhatia, K.B., Mnmlrate and (hlhior, Hljahjahanniir. 

Bhatia, M.U, M.R<\, LMnrpt in Zoologip Lucknow t bilveriMitv 
Jjucknow. 


G.B.K., f^rofpfisfir o/‘ Gfivtuaiiitetii 

College, Lahore. 

Bhattacharya, A.K 1 ).B<!., (!htnnmtry Dc|«trtm«mt, Alliilintmd 
University, Allahahinh 

Bhattacharya, D.R., M.R(% Pu.I), Ddcpmr ch Bcicnci^s, /Vo/Jwor 
of /Mology, Allahabad llnivcTsity, AllahalaNl 
Bhattacharya, D.P., M.B<‘., Bandllv (^(dlcgc, Baivillv. 

(^MC)'^*’ limn CVdlcifc, Kidhii|nir 
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Date of 
Election, 


Alphabetical I/iat of f)i*(liiiar.v MeiuborH 


81-10-35 

i-N 

:)-4-8:! 

R 

0-11-35 

N 

31-10-35 

N 

10-5-35 

tR 

20-2-33 

R 

1-1-311 

tR* 

17-4-31 

R 

17-1-31 

R 

0-2-3 1 

R 

31-10-35 

tN 

17-1-31 

R 

17-12-35 

R 

19-3-31 

R 

10.5.3r) 

tN 

31-10-35 

N 

l9-.3-:n 

R 

17-4-31 

R 

28-10-32 

N 

22-12-32 

N 

17-12-35 

R 

15-9-31 

R 

17-4-31 

R 

31-10-35 

N 

17-4-31 

li 

20-2-32 

N 

1-1-30 

tie 

31-10-36 

R 

19-3-31 

R 

I'". K 



Bose, I)., M., M. A., Pn.I,).* PnlU Profpmtr of lltfiHkH, lliiicer* 

aity (..lollege of Science and Technology, 92 Upper C,:ircti!iir lloiid, 
Oa lent til. 

Chand, Taea, M.A , I). Pmu, Printtpul, Iv. F. Univta-nity (VdicgCf 
Allahabad. 

Chai, CHANDEAMOftAN Nath, M.S(*., TcacdieFi^ Training' 

Bombay. 

Chakravarty, D.N., D.Kc', ProfvHHor, King Eflwiird CVdIcgc, 
Ainraoti, Berar. 

Champion, 11.(1., M.A, Stfrifoiltorisf Itnpm’ial Foriwi Ro^f*iirc*li 
IuHtitute, Dell rad un. 

Charan, Shyama, M.A., Agra ( College, Agm. 

Chatteiji, (h, ^trtvorolofjlHl , Upper Air Olwervaiory, Agra 

Chatterji, K.I\ MS(% A.L(;,, RdS., lMvt\ (lieiniNfry Deimri- 
iiumt, Allahabad University, Allahabad, 

Chatterji, Adi, D.Sc,, Dr. Ing, Dhennstry Department, Lneknmv 
Univernity, laieknovv. 

Chaturvedi, (hiAMCA Ua.m, Pakiht, Ppofrssnr o/’ MolloioolipH, 
St. Johira Uolh‘ge, Agra. 

Chandhury, IL, M.S<\, Fn.D., D l.(‘, Ikad of Ihe IhpuritnrHi of 
imrrrsftii Tvftphhoj in Poimnf^ Punjab University, Lalion*. 

Chandhuryi ILP., Lu(*know Univcn’Mily, Luekiiow, 

Chaudhury, K. Ahmad, M.H<r, Wood 'MnodoifiM, Imperial hbresl 
EcHcnrch Inafcitnte, Dehra Dnn. 

Chandhury, EAnminu .Nath, M,Sr., Mathemidbm Depiirb 

rnent, Allahabad Univeraity, Allabnlmd. 

Chopra, R.'N,, I/r.-C.kir,., Mji, Ihmior, Sclniol of 

Trophml Medi<mie> Ueritnd Avi^mio, Ualcutta. 

Dabadghao, V,M.»^I^hyiiap .Dopiirlmoril, (jollcgfi of St^ience. Nfig|»tir, 

Das, Rambaiiah, DB(X, Zoology Dopnrtment, Allahabad University* 
Allfthiibiid. 

Das, (1 Maya, M A., B.Bc?, LAH,, Art# IViVim/wl, Agricnitiiriil 
(killege, (, lawn pore. 

Das, A.K., D.Sc!., A lipore Observatory, Alipore, Oaleiitim^ 

Das, liK., Pn^femor of Zotdogy, Osmania llniverHity, !Iyd**rii- 

laid, Deecan. 

Das Gupta, B.N., MBi;., DJ.O, PhD., Ikadpr in ikdooy, Lurknmf 
Univerwity, Uncknow. 

Dasannacharya, B., Fn.D., Proftmor of l*hysips^ Itenao^'^ Hindu 
UniverHJty, IhmareH, 

Deodhax; D.B., Pn.D., lkttdn\ Ibly*^ie^^ Department, I,i!tckio»w 
Univm'Hity, lateknow. 

Desai, M.B, M.Bi*,. Profrssor of Idfysirs\ M,TJI. OHlh'-gi', Surat, 

Dey, i\K., I.A.B., tdotti i*othoioijisl b# /Aer'rnwni/, Ihitirri 

ProrioppH^ Nuwnbganj, (bwnptUH*. 

Deb, BuEEHII UhANHUA, D.Sr„ //e.vcurr// l*hysirisi^ Ikr^e 
tkleuitn. 

Dhar, N. IL, l>,B<*., Doeteur Seiimeej^, KJ.U., I KS, l*rofrmor of 
PkeouHlnjy Allahabad Uiiiver.'*ity, Allahabad. 

Dube, Uankhh Feahah, M.B<‘„ hninirr tn llitlwiiiii Rit||iiit 

(bllege, Agra. 

Dutt, B K., M.Bt*,, Zoology I>epartinenb Alliiliiilmd Uiiiv«‘r?hiy* 

Allnlndmd. 
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Dateof 

Election 


17-4-31 

tu 

28-10-32 

N 

22-2-3:i 

U 

19-4-31 

R 

8- 1 1 -33 

i-N* 

19-3-31 

R* 

19-3-31 

R 

15-9-31 

N 

15-9-31 

R 

31-10-35 

R 

17-1-31 

R 

17-4-31 

R 

17-4-31 

R* 

3-4-34 

R 

21-12-31 

R 

16-9-31 

fN 

1-1-30 

tR* 

21-4-33 

N 

9-2-34 

N 

3-4-34 

tR 

5-10-33 

R 

31-10-35 

R 

20-4-35 

fN 

1-1-30 

tR"^ 

31-10-35 

fR 

31-10-36 

N 

26-9-34 

R 

1-1-30 


31-10-35 

R 

31-10-36 

R 


AlphHlK‘ti(nil Irfinl'Mif OnliiiJiry 


Butt, H.ll, D.Hc., Ik((tl(*i\ ( n«*|»ariitiiist., Allnliiiba*! Iliiivfr- 

nity, Allahnlmd. 

Butt, A.K., Ursvftrvif I^htfstnsl, I irMl.il, i|fi% ( jtlrtillji, 

Q-hatak, Nauk^duamatii, MS<\, IbSt'., (Itntfmd .UHiHifuii ht ImHhh 
kStfurs f)rp{(rhNnif, ( Ali|«»r«% C ‘aliaiitn. 
Ghosh, B.N., S<„ Ai}«ln*wV C 

Ghosh, J (1, r).S<‘., Pndrssor nf Ha* I 

Ghosh, K.N., Alliiliabfi*! rtiivi'r^^ity, 

Allnlmbad. 

Ghosh, ^ Batykhhwau, ria'iaiHiry Albiliiiliinl 

UnivarHity, Allnhalaal 
Gogate, I). V, M.Hc., Ibirudn ('olb‘ai\ 

Gordou, (IB, B.A., (‘ln*ii*t iinirrh r«tllri:iy 
Gulatee, B. I'./, M.A., Sarvi'V '*»! ifidiji, 

Dalira Dim. 

Gupta, B,M., Bn, I')., lipj^uhj PahUv An^diisi In i iiimitmnil, 
Prorlurrs, Lucknow, 

Higginhottom, Ham, Dfbin,., Pmnip^iK Albdniinnt A>!nriiltmiil 
luHtitutcs Naiui, R I. H., Allahnbinl 
Hunter, Rohhiit K., DHc^BiiD,, PruftHnar nf Plinmnirfi, ,MnM!iiii 
UnivcTOty, Aligarli. 

Joshi, A.IX, r.RR., LrrtNfrr, IViiinim^^ ( Alliibiibail 

Joshi, 8.H., I).8<5, /'Vo/fwor of f llimaroH Hiinlu r}tiv**r- 

^ sity, BetiareM. 

Mchlu, ,RK., I) Sc,, I)epartuH'*fit c»f Pliyj^icK, (invcriimriil Collrfji*, 
Lahore, 


King, C.A., B.Sc, (Ilona,), A,Ii('?.8c, Lri|.!in**ii‘” 

ing (Jollege, Benarea Ilimhi Urtivi^raifcy, Ilcnnors, 

Kishen, Jai, IVI S<^, Profrsmtt of mhfmm, H I>. iVillcgi*. Lnbon*, 
Kothari, D.8., M.Bo, Pn.D, l^rofrssor of The lliiiv«i-Mity, 

Delhi. 

Krishna, Sinu, Fir.D., F,I„(L Foirst PoP'hroHHf 

ForeHfc Kaaeareh IuHtitutc*, I)i«hra Dun. 

Kureishy, A.M., M,A., Ikmkr in Mniltpnmtn\% Muslim Uiiiv«’r**i|.i\ 
Aligarh. 

Lai, Rajkndea Bihaei, M He,, A^HiHlnul TrojUr Sitiirrinlrodrui. 

E.IR, Allahabad ^ 

Mahalanobis, P.D, M.A., I EH,, Profpmor of 
Laboratory, Froaidonoy (bllogc, C!idcuUii 
MacMahon, P.H„ RSc. (II<.mH.h MSr, l^nfrmor of Hirwisiro, 
Lucknow tJnivwHity, Luedemuv, 

Maheshwari, IAvncuianan, D.Hi', A^^norioir iAioffSHor of Poimoi, 

Agra (dollegf, Agra. 

Majumdar, lid, M, Hi*., PhD, Doimrinumi of IIivucm, rnivrrMiiv 
or Punjab, Lahore. 

Malayiya, B^aj Kihhcuk, MHc., Public’ floitltli rb'iiiiriiiioiiL 

Allnlmbad Municipal Bonn!, Allidiabitd, 

M!athur, B.Hc*. (IIouh,), A Ji.H I\I , i*ioh‘ssof of iifolooo 

BenarcH Hindu Univm’Hity, Htmaivs. 

Mathur, K.N,, D.Hi^, Lvdnm* ot Ltu'knoiv Piifv**i>ilv, 

Lucknow. 

Mathur, Lakhhmi Hahay, M.Hc„ Pliy^^icw Dfpiiriunmi, Allitinduid 
Llmveraity, Allalmbad, 
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Date of 


Election 


17-12-35 

tlS' 

1-1 -BO 

tR* 

1-1-30 

R* 

15-9-31 

R 

8-11-33 

N 

19-3-31 

R 

19-3-31 

i-R* 

16-8-35 

R 

21-12-31 

R 

21-1-33 

N 

31-10-35 

R 

31-10-35 

OA 1 ‘.ir. 

R 

«:-K 

A h *-.>n 

21-1-33 

1 iri 

N 

31-10-35 

N 

1-1-30 

R^ 

22-2-33 

R 

17-4-31 

R 

20-4-35 

fN 

31-10-35 

R 

I 7-4-3 I 

R 

16-8-35 

R 

3-4-33 

fN 

10-5-35 

fN 

18-9-35 

N 

5-10-33 

R 

1 (i-S-l 15 

R 

21-4-33 

N 

15-9-31 

fN 

3-4-33 

R" 


AIi)hal)oti(*Hl Lint of Ordinary Mianlwr^ 


Matthai, (Jkoiuh-:, M.A., F.U.H.M, l.RH., I^ivfrnsur of 
Punjab UnivorHity* Lahoro. 

MeMa, KA^Jbi;iX, A^rn A^ . 

Mitter, J.II., Ibnl)., I*rofrmor of ihtnoih Allahabail I nivia- 

nity, A I la ba bad, 

Mathur, L P., M.Kc., Hi JoIuPh (!ollegc\ Agra. . i , 

Mathur, Ham BraiAai, M'.Ho., l^mfemor uf 

Mazumdar, Kanakknoit, I).S(\, Phyairi^ I)a|airt4nonf, Alliiliitiiiid 
IJnivcrHity, Allahabail. 

Mehra, ILU, Ph.I)„ JkmUr, Z<H>logy I Vpartiiauit, Alliiliiibinl 
IJuiviTHity, Allahal>ad. 

Mehrotra. Huaj Mohan, M'.A.. Ibi.I),, Matlicanaiio» I)oi>iirHii«*rit, 
Bi»u}ir(‘H Hindu UniviTHity, BrnaroM, 

Mehta, N.O, I. (.IB., Srnrinnf^ Intj^rnrii Ooatnl of Afirkidlumt 
/,Vwv/rr//, Now Didbi. 

Mela Ham, d^'-v/, i*rofrs,Hor of Plnintos^ Forinniin ( 1 iri*«iian 

(^>li«‘go, ladioro. 

Mohaa, Ananoa, B.Hr, .Unfslttol IVof/ir Sapvriolnokoh FiJ IL* 
Allalinbad. 

Mohan, Piauk, M.Sr, DoparMnoni of Mnibrnaitiri^, Atlalinbiid 
llnivor‘*‘it.y, Allahabad. 

Mowdawalla, F.N,, M.A., M,!,FH., M«aiK A I.K.lv,, MJJ%, didf 
FJn'iiif^ol hhoji}i(ot\ Bangaloro. 

Mukerjee, AHiirTunn, M.A., f*riovtfiol^ Soionoo CVllr|»t% O, 
Bankiporo (Patna). 

Mukaiji, H,, 0,S('„ Kohi Jn/r AV/7/0V//. Sohonl uf Tro|tirid ,\Iodirino, 
(!afrutin. 

Narajan, H.Bf., Miilhi:ariiitif*'H rvpiirtinrnt, latoknow' 

Univors^ity, laieknow, 

Narliker, V.V.,^ M,A,» Pmfrmor of Mnihfmulu% lloniiri’f^ Hiti*iit 
I, J ri I ¥tri*i ty , firaia ri*». 

Nehrti, S.B„ M,A„ PhJ>„ Magmt4'ato and Oollwior, ( 

lojivcA 


loavo) 

Nornmnd, (’ W. B., M.A., D.St*, 


on 


lUrntov (iforrtti of Ulmerr 


Poona, # 

Oak, V. (»., M.Sr,, Joiiit Motniilrolf\ }»\nuxi\, 

Pandya, K. (N Pii.I)., St, tfohii*M ( oliogi*, Agrn. 

Panda, KnoAii Hat, M.Sr, f.fvUttrr io Moihroioiiri^, Sn doling 
(kdh'gi‘,^Agra. 

Parija, I^ K., M.A,, IF.S, Havon^liiiw Cdllono, (nlinok* 

Pinfold, Khnicht SiHspnAnn. ,M.A., F.fiS, Aitooh riil 

ViK lid., Hawalnindi. 

Pratnanik, H. K., M.Sr,, Ph.H, HJ;(\, Mrtroridoinonl 

Of'fh'o, Karni’bi. 

Prasad, ( hniAKii, H,Sr., fftofitrut Moihroioii>\^^ Allithiilind t’liivor* 
nity, Allahabad. 

Pra.sad, d A npA. M. Sr., ( ‘Iniiii '-try Inainilnnnjt, K. P'. Intrr ( 
Allaliabad. 

Prasad, KaMTA. M.A. , M Sr , /Vo/r.r^or o/7ViVAr'>' roilrkO'. 

P.O. Banki|Hirr (Ibtina) 

Prasad, *Mata, H.Sr., Hoyat In^^litutr *d' Srionoi^ Iknitbav, 

Prasad, Baoiu Nath, Pirlk, Horiiair oh Srirnrr-, ’Maibr'iiniiir^ 

Hrpartinriit, Allalmlaid Ijiivn^ity, Alliiliiihiid, 
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174-31 

R 

22-12-32 

fN 

20-12-31 

R 

3-4-33 

R 

19-3-31 

R* 

15-9-31 

N 

22-2-33 

N 

21-12-31 

R 

20-4 '35 

N 

14-3-34 

N 

22-2-;i:i 

N 

2i-i2-:n 

R 

1-1-30 

R* 

1-1-30 

tR» 

29-2-32 

R 

1-1-30 

jR* 

17-4-31 

R* 

17-4-31 

R 

Bl-10-35 

fN 

3-4-33 

R 

20-4-35 

4 .JS- 

17-12-35 

tR 

20-12-34 

N 

21-4-33 

N 

17-4-31 

R 

1-1-30 

R* 

19-3-31 

R 

31-10-35 

N 

3-4-34 

R 

31-10-35 

R 


Ali>hab(‘tical IJnfc (d* Ordinary MiaiiliH -i. 


Puri, B, 1)., ThoinastHi Civil FaighH‘f'Tiii^^ 

Clureshi, M.. M.Hc., Pn.!)., uf O^^aiiiiiiiiljii- 

veraity (;oUi‘^a‘, IlyiFrahnd, Oimh’iul 
E ai, Ram Niwah, M.Sc, Physics I)«»|iarf,iiit‘nf, Alliiliiiliiid Uiiivi^rHiiy, 
Allahahnd, 

Earn, Raja, aM.A„ IkK.. Mnltirml Fin*jjnrrt\ Kin^aiilL 
Eaujan, Hnun M.Bc., DcKifernu* va Ikmkr, Biiliiiiy Oi?|#iirP 

nienfe, Ailnhabnd lIiiivarMifcy, Allababad, 

Eao, A. SuniiA, l),8c., Mr^licmt Ckdlagi'^ My#ciris, 

Eao, 0. (.yOFAnA, B.A., M.Hc:., (Jhcaui^tlry I)i!|iiirfe«nnit, Aiidtirii 
UniverHtty, WaUair 

Eao, I). IL Kamc'HAniiea, libl, AJI.I K, Kmpnfft\ A ! tidii* bail 
Ibiivc^ri^ity, Allahabad. 

Eao, I Rama Khihiina, M.A., Fh.IX, I>t*|»artinfiit rd" Ptty»*i«*N 
Aiulbra Univta'nifcy, Walt 4 iir. 

Eao, K. RanciADHAMA, IlHi*., Pliyi<M‘« Ot»|iiirtniinii, Aiidbra ldiiv«*r« 
nity, Waltair. 

Eay, JJiumiBHtJHAN, f»2 PpiM-r invnhiv R«»nd. Oidiniiia. 

Eay, Satykndua Nath, M.Sr, PliyMir,m lairkiiiHv 

UuiyeiTity, Luckia^w. 

Eichards, P.B., KnitiiHtdufjini tn ihr t him'Hmntl^ 

Uiutiod ProvinatiH, ( avviHHui*. 

Saha, M.N., I,).8c, RA.HJi, F. liiMtjy, PJLH,, ci/’ 

Fliysim, Allahabad Uidvaraifcy, Allahabad. 

S.aha, ’JoGMHBEA Mohan, Jla/aiyrr, Srikriwlma Oi»f4t 

Works, Jhuai, (Allahabad), 

Sahui, B., jlSu, gr.l)., F.EB, F.CbB. F,A.HJi, /V../ rufitti' ttf 
Bolauy, laickaow IJaivaraity, lamkncnv. 

Samuel, IlunoLt', Pn.I)., of Pimm Muiliiii rtiivrrmi v, 

Aligarh. 

Sane, 8. M., B.Sc., Ph.D., Iktokr, C’h*‘iHi.«try Liirkinov 

Uruversifcy, Bfulshah Bagh, LiiokiH»w. 

Sen, JiTKNORA Mohan, M.Fo., BSc,% H’ludHi-. Oi|», FJIOH. 
DJai). A^smlnnt DlreHor of PUmiUmt, ikoyoi, 

T* '•» Ruporiai of 

Muktes^ar, Kuuuuul 

Sen, NiKHtL Ranjan, D8o., Profrnmir of MoiknoitiinM, !)i riiiior 

Oircular Road, (Jalcutta. 

N,, P.hJ.)., Prf^ftHHor of liorhiiow 

University, Lucknow. 

Sen Gupta, P. K., IXHc., /Vo/Fv.wr of l^hfpo^ RiijariHii C*«illiTf*\ 
Kolhapur. (Bombay PreHidency). 

Seth, J, B M A., (lovcrnment Cldlcge, Lnlmrc, 

Seth, &• IL M.ho, Cjhrist (1uu*(*h (J(dlt*ge, (jinvii|iur«% 
oetn^ K. U, ivlho, M.liA.8., hhmofok !kdimtKi io 
United Provinces, (Jawnpore. 

SetM Nwah Karan, ^l).8a, Agm (Adlegc, Agra. 

SUabde, JN. C^,, D.8(.!., /^ra/emor of imihmmUen, (Vdlcgr id 
Nagpiir. » « 

Allarh'lfp” Munliai 

Shama^R^N., M.8c., PhywicH DtptrtitiBiit, Luckmnv U()iv<'r»ii.v, 



( 50 ) 


Date of 
Election. 


A Onlinitry 


16- 94U li Sharma, Uam KiHinMU*:, MSr, Dr*|wrtiiirnf,, 

(JhriHfcian Cullcgts AllnliitlaMl. 

18- 9-B5 R ShiiWa, Janaiidah PtiAHAi>, M.Hr„ rhfmiHit, llinili 

Hugar Milln, Ilargmin, (H. K. liy.l U. ^ 

B4-SB N Siddlqit M. R*» Rii.D'., Profemur df HkihrmuiP^^t 

jiity, Hyclerabiulj Det’cnn. 

B4sl3 R Siddiatii, M<niAMMAU Aiii>t*L Hamiih M.ilJI.H, 

D.L.O., Profesmr of Aitaituutf, Cjrorg***f« M«^«!irtil 

laiidniuw. 

17- 4-31 R Singhs AvAnuKHii Nahain, Ih»|airliiN«i:t <if 

liUekiiow Dnivwky* Liiclunnv. 

17-12-35 ’ R Singh, RhOCA NaTU, D.Sc., KnpHrlltHht prufenmu’ nf 

Ikiinnij ithd Plutii PhifHttdtitjif, llvml ttf ihr {u34iifulr #i/' 

Pemtirh, Hiisdu UtHV**rH3y» Ihainrt’H, 

17-4-31 N Soonawala, M. I*'., M.Hc, BinfHir (Rjij|*iifiiiiiii, 

lH-9-35 R Snvastavjn Hihiiwamiuiau Nath, M Sr,, rii5>f«r4 I:i*<jiiiri« 

inrnt, AHaiiahu<l I tnv«i>Hy, A IbiliiiluMl 

19- 3-31 fR'*' Srivastafa, V. R,/^1*A,, |J. Rtiii., !kudfi\ I irj»iirtjiiriit, 

AlinlmbiMi Fiiivri.^nw Allnhninni, 
lO*H-33 R SrivaatavE, Bsr., ('rn’li.), Siopw 

C uiuifii rt A|,H’a’UltUI'}ll Hi*'‘riirr||, IimIih, 'r'lnviifirl'r 

l5“!Kn N* ShrikantiEi I', II. A„ D.Sr„ i 

Hj-l2-33 R Strang* *b A, AI.A., U,Sr., nf R«i«kiirw, 

UiHVrr?*ity, IhnRinth IljtiRi, iatrkiiMU, 

24-I-33 N Snbmmanian, H„ MA. MailMAMiitM*- AniHiniiiliii 

I Aniianuilinnairnr !*. n,, SmuiIi linlni, 

E* SuMman, H. aI,, llririih^ Sh\ f 'iarf Junim^ Iliitli CViiirk Al!i»lii»bii4- 
1II4K;II R Taitiiittii Ihhal Fit, D,, (3iriiiii^iry Ilrpariitinilt Alliiltsiliiai 

rntvta'^tty,, Allaluibitil. 

I7“l24i5 R Tandon, Amae NatHi M, Sc., Pliyi^Nr'^ Alli*linl'tii4 

U itivawily, Alli4lti*bii«.t, 

lMl-35 N fMiiti, PliKM Nakaim, M,*Sr, I.C'.H,., Jmui llmii, 

(li nnii Cl.) 

3-4-33 R Thompson, Cl D, M,A., l*roft^Huruf Al!iili3il»ii«l riii%*rr.i«iiy. 

19-3-3I R Toshttiwal, ih It, M.Sr,, I Alliilial'iad I Aii^'r'i-wiiy, 

Ailahubial, 

3-4-31 It Varma, Ram,a HiiANKiai, M.Sr„ Cliuivli CAIFi^r, riiHti|ii*rr, 

2lJ-l24t4: R Vanna, S, CR M.Sr., Znubigy Alliiliitiii*4 r'iii%’«’r^^siA\ 

Allnhabioi. 

9-2-34 E Vangh,^ MAMi,)N', ItSr,, (Ing), I* , AJi3tiiii»Ji4 

AgricuUiiml Nttitti, H 1 IJv ( Aibiii iiiail < 

r.)-:i.:il tN" vyayaraghavau, T, !>. I'nu., .\!;iih. !iiaiir Hrj.HUnnii, 

l)a(;cii I'liiv.'i'Kity, Uuiiimi, Ihii’i'a, 

2u- 4-;’.!> -j-N Vishwanath. U, K.vi UAii.Mti ii. I-M ivM.m'Jm.i/ 

liiijBTiul Agrifuliunii Ufourh ill. liiiii", I’li.ji, U. iMi.i u 
20"4i“*iij *f N ^iTa^ia. 51. A» 

Imliii, ( ’liiiwriiij^lii'i", ( 'uli'nlla, 

1-1-30 fit* Wall. Mdhammau, t’li.. .M A . l'ii.I». II S., i 'HHiif f#|' 

Litrknow I tiivi»r.-*ky, hurkiMm, 

Io-9’*31 R WaH, P., M.Sr,, LE.S., |,I% R, MJC.S.’r,, 

Training (‘nlltigr, Aliahabitil, 

^NJi. Thr hcTrrlarirH%vill hr Ingldy «*l4igrd if thr iiiritifirr. %ull iiisOhi hunr Bsrn 
nuticr erria>H k ilH*rr fir *uiy. in ilinr «irgsri-4, iifnl 
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4 . 

i”). 

n. 

7 . 

,q. 

fl. 

10. 

11 

12 . 

13 . 

14 . 
16 . 
16 . 

17 . 

18 . 

19 . 


JounialH Pul>li4i.T« 

The Boll Syslfin 'L'chiticHl JournnI ... The AiiuTiciiu Ti4i*t»iion(» iitul Tali-graiih 

Doy,, Ntnv York, (D, K. A.) 

ProceedinsH of the Impcrinl Acndeniy The Iniperial Aciidi'iny. Ueno Pitrk, Tokyo. 

of JnpniL 

Jouninl of the Franklin Inetimie . , The Franklin In^tituteof theHti.teof Penri- 

xylviuiia, Philnileljiliia. Peiina, tF.K A ) 
Bcill TeleplKnicKyatem Tlu^leinaihomf^.riea, New York. 

(Teclinieal Piihlicationw). 

Collected ReHoareheH of the National The National Phydeai LHlHtn.t.n v. Tedding- 
Phyai(>al Laboratory. I„„. Middlen-x, England. 

Eeport of the National Physical Did,,. 

Laboratory. 

The Electrician The Electrician. Bonv..rie. H.n.se, Ian. don. 

Proeeed.ntra of the Ca.nbridjrcPhiloso- The Pl.ilosophicai Soeielv. Can.hrid.n. 
pineal Society. ' ' 

ProceedinfrH of the Royal Society The Royal So, dety of Edinla.ryh. Ivlin. 
of Ldnd.nrffli. 

Jonrnal and Proceedinfrs of the Asiatic The Asiatic Society of Ilentral, CaIcnUa. 

^^looiety of Rong’aL 

InJi,n .To,„„„I „( PI,,*, 

o . .... ...x Seieiiee, Calentla. 

Scientific Notes of the Inilia Meteoro- The Director-t Jcncral of Observatories 

logical IJeparfcnieiiL Poorm o 

Memoirs of tlie Tiidia Meteorological iijfi,. 

Department. 

"TstirL'!" 

of p,,„. Tho Pm", 

PhJ„.ph,„JSooiot,. »,«■»„. P„l,„. 

^Tf'scienco.'"’ •»'>i‘«,‘'»rKoioim., H«in.„l„r,.. 

Current Science tu.. r. i* t . 

of Canadl of ('«m.da. (l,t„.' . 

Astronomical I^a ho **r Astronomical Laboratory, fJron- 

Astronom.cal Laboratory. 


60 
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JoiirniilH 

2(1 of the Doiiiioioii A^^tro- 

p ! I y H i ( ‘111 (') li Hc* r va to r y . 

21, Doiuiiiion of (^aiiatla Naitiral 

Kowiiireli (\»uiHiL 

2i. of tlio Royal Booi(*ty 

of Vi(‘torin. 

2.*]. tioiirual luul Proaocaliii^H of tho Royfil 
Soeio'ty of New South Walea. 

2*'l, Traui<a(!tionH lUul Fh’oeeadiuga of tlie 

Ninv Zealand luatitute. 

25, Ihiblleationa of the Allegliany OhMca*- 
vatory. 

20, Ihiblhaitionj^ of the Ohwawatory of ttu' 
Uaivewity of Miehitcan, 

27. Liek Observatory Ikilletiu 

28. P'roceettinKS of the Aiuerlean 

Aeaderuy of Arts and Seic‘iH‘t*s, 

2ft. Meinoirn of tlie Aineriean Academy of 
Arts and Bcierice^, 

50, flourniil of Mafchematii‘« and Phynics. 

81. I'h'oceediniis of tin* National Academy 

of Scimicert. 

82. TriniHficfeiofm of the Itoyal Soch*ty of 

Bcnith Africa. 

88. l'*roeeedint^8 <d* tlic A<‘ademy of 
Natural Sciences of Philadelphia. 
84. Siriensiii 


Bf). ProeecdingH of the Ameriiain IftnloHO" 
l>hical Bocdety, 

86. American doiirnal of Staimia* 

87. Bureau of Htamlnrd.s d<mrual of 

Rf*H(*arch, 

88. ( •ontributiouH from tin* Mount Wilson 

( ) I )S(*r vatory. 

8ft, ( ‘omimpucations (Sular ( Hisei va(ory) 


IhiblishcrH 

'fhe I)(»minion Asr-rophysiaal Observatory 
Vi<‘toria, (^anadn. 

I )ii to. 

Tlic Royal Soci(4.y of Victoria, Melbourne, 
Australia. 

The Royal Society of New South Walt‘S, 
Sydney, Aimtraltii. 

The New Zealand Institute, Widliuirton, 
New Zealand, 

The Alleg-hany Ohservat{»ry of tlu^ Ibiiver- 
sity of Pittsburgh, Alleghany ('ity, 
(li.H.A.) 

Tlui Observatory Library, University of 
Miebigaii, Mlebigan (U, S. A.) 

Tlie Ia(*lv 01)H(‘rva(ory, UniverHity of ('aTo 
fornia, Berk<*ley (lb S. A.) 

8'he Amerhain Aeadmny id* Arts ami Sei- 
i‘m‘<*s, Boston (II S A,) 

Ditto. 

8’be Ma.’-HaehuHett.s Institute* of d'eebnolitgy, 
( 'amiu’iilgc*, Mass (U, H. A ) 

The National Aeademy of Hiaenees, Wasli- 
ington (U, H. A ) 

'rtm Royal Hoeieiy of Smith Afritai 
University of (’ufie^rown Rondefioseli, 
South Africa. 

The Aeademy of Natural Seieiu’cs, Phila- 
tielphia (IJ. S. A.) 

The Metropolian Museum of Natural 
History Academia Hinien, Nanking, 

( ’hina 

8'h<‘ Aaua*ienu Philosfiphical So( itUy, 
Idiiladelphia (lb S. .V.) 

The Amerii'an flournal of ScioiH‘o, Ni-w 
I la veil (lb S. A.) 

The Director, Dt*ptt, of (’ommerco, Buroan 
of Standards, Wa^hiugtoo (lb S. A) 

The Mount Wilstm Oli.-Hca-valory, Pa-^adeim, 
(’alifontia (lb H. .V ) 

! 
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Journals 

40. Animal Keport of the Director of the 
Mount Wilson Observatory. 

41. Journal of Chemical Physics 

42. Review of Scientific Instruments ... 

43. Transactions of tlie Astronomical 

Observatory of Yale University, 

44. Publications in Zoolofyy, University 

of California. 

45. The Philippine Journal of Science . . . 
46 An7.eig'er (Mathematics and Science). 

47. Almanack ... 

48. Anzei^er (Philosophy and History). 

49. Bulletin de La Classc I)(\s Sciences. 

50. Annales De LMnstitute Henri 

Poincare. 

51. Mathematische Und Naturwissen- 

schaftliche Berichte Ana IJngaru. 

52. Sitzungsberiohte Der Proussiscben 

Akademie. 

53. Berichte Der Deutschen Chemischen 

Gesellschaft. 

54. Nach rich ten Von der Gesellschaft der 
Wissenschaften Zu Gottingen 
Mathematisch-Physikalische Klasse. 
Fachgruppe I. Mathematik. 


55. 

)> 

II Physik, Astronomie, 



Geophysik, Technik. 

56. 

V 

in. Chemie,EinschLPhy- 



sikalische Chemie, 

57. 

5J 

IV. Geologic und Minera- 



logie. 

58. 

55 

V. Geographic, 

59. 

55 

V.I. Biologie. 

60, 

Geschaftliche Mitteilungen 

61. 

Sitzung 

sberichte, Mathematische 


Naturwissenscliaftliche Klasse. 

62. 

Berichte Der Mathematische 


Physlscheii Klasse, 


Publishers 

The Mount Wilson Observatory, Pasadena, 
California. 

The American Institute of IMiysies, New 
York, N. Y. 

Ditto. 

Tlie Astronomic,}! I ObscuTiitory of Yale 
University, 'New Haven (U. fi. A.) 

The University Library, Exchange Deptt 
Berkeley California (U. B. A.) 

The Library, Bunmu of fielencc, Manila, 
P. L (U, 8. A.) 

Akademie (l(‘r Wissenschaften, Vienna, 
Austria. 

Ditto. 

Ditto. 

Academif* Iloyah* <le B(dgi(jne, 
Bnisseds, Belgium. 

The TnstitiUe Henri Poincare, Paris 
(Prance). 

The UngariBclie Akademie der Wlswm- 
Bchaft, Buda-Pest, Hungary. 

Preussischen A k adem i e ( I er W issim- 

schaften, Berlin, (lermany. 

Deutsche Chemlsche Geaells(*haft, Berlin, 
Gernumy. 

(leaellschaft der Wissenscdmften Zu 
Gottingen, (JOttingen, Germany, 


Ditto, 

Ditto. 

Ditto. 

Ditto, 

Ditto. 

Ditto, 

Bibliothcdoir, Hei(lelberg(*r Akademie der 
W i ssen .sell af ten , Heickd berg Germ an y , 
Sachsische Akademie der Wissenschaften, 
Leipzig. C. P 
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Journals 

CB. Abhaiullun^uMi Dor MutboinatiHoh- 
IMiyHiaoho.n Kiami 

64. P^lvariHkia(‘lH^ (} 1 i e d o r I) u r 
Sfu*. h 8 i B c h-FichkJKobirg’iH’hon 
KriHlallinon Bobiofer. 

65 BilziuigHboricditc^ dor MatbonuiliBoli- 
NaturwiBBonBchafilichen. 

66. ( V)nHnunieation from tho PhyBicnl 

Laboratory, Leiden. 

67. ComnmnicatioiiH from tho Kmner- 

ling'h OnncB laiboratory, 

68. Rendiconti. 

69. National Researeb Lonmal of dapan. 

Report. 

70. JnpaneBe Journal of Mathemati(‘H ... 
7L JapanoBe Journal of Rolany 

72. Japan(*Bo Journal of PhyBi(‘H 
,73. JapaneB(*, Journal of Astronomy and 
( {(‘ophyBicH. 

74. Journal of the Faculty of Heiene<^ 

BerioB I, MathematieH. 

75. Loll(‘ctt‘d Work from tlu^ Faculty of 

Bcienco. 

76. Froceedingsof the Fby»i(m-Mathcma“ 

tical Bociety of Jaiiaii. 

77. Bcientific PaperH of the lnBtitut4^ of 

Phynical and (Jlumncal HcHearcli. 

78. Journal of Bcionco of the Hinjahima 

UniYersity (Zoology). 

79. The Keijo Journal of Medicine ... 

80. Bulletin DeiyAcademieDeBBeJenceB 

Mathemafciques et NaturalleB. 

81. Journal Du Cycle De Physiciue et I >e 

Chemie. 

82. Journal Du Cycle Mathcmaticpu} ... 

83. Bulletin tie lai Classt^ dctH BcitmccH 

PhyBiqucB et Mathematiqiu^.s. 

84. Memorias Do lustitulo OnwabUj 

(Jruz. 


Publi^lierB 

BachBiHtJa* Akadeinie <Ier 
Lt‘ip/Jg, i \ L 

I ^itl4». 

BnyerUche Akiulmniif der Wi8Hi*nmdiiifl«»ii 
Zu Milnehan, Mftnchim, (Icrrinifiy. 

The Pliyaical,! laboratory, Ltadei», I"iciIliiinL 

irmh 

Remliconti Dtd Cirtmlo Matheiniilico Di 
Paltanno, Pah»rmo (Italy). 

The Nutitnud ReHcareb < Vtincil of Japan. 
J'okyo, Japan. 

I >itto, 

I >ltto. 

Ditto, 

I Huo, 

'riu^ D<*an itf the iMieuIty of Hcienct*, 
Hokkahio, Iniimrinl University, Biqo 
poro, fJiiparn 

The Library of the Faculty of H«*ienw, 
Oaaka, Imperial University, 'DBaka, Jiipiin, 

The I’liyaic >Matlicmmtical Hociety of 
Japan, Tokyo, ifapiin. 

luBtituto of l*hyaical and <*iiiiiuiciil 
Reaear<’h Komiigomc, Hoiigo, 1\,»kyf». 

Thti JliroBhiina U niversity, Ilircwluma, 
J«ipatn 

The MtHlical Faculty, Keijo Imperial 
llnivorHity, Choaea, flapaii. 

The Akadendc dt*r WiaMetiHclinfr, 
Leningrad, Hovhjt-RuHsia 

Academie dcH Bcienct»B I)T,diriiini% Kyiv, 
Ukraine, 

lH%Uh 

Ditto. 

Tin* limtituto CLwahh^ Crux, 

(U.S,A.) 


F. 
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Journals. 

85. Pliysikalisclie Zeifcschrift Dor 

Sowjetunion. 

86. Geographical and Biological S tin lies 

of Anopheles Maculipeiinis in 
Sweden 

87. Kungi Fysiografiska. vSrdlskajn'ts 

Forhandlingar. 

88. Uppsala Universiietw A rsskri ft ... 

89. Coinpte Eendu Des Beanc^es I)e La 

Societe De Physiipie et D’Histoire 
Naturelle. 

90. Comptes Rendus Mensiuds Des 

Seances I)e La Ciasse De 
Medicine. 

91. Comptes Rendus Mensuels Des 

Seances De La Classe Sci(‘nc(*s 
Mathematiques et Naturelles. 

92. Bulletin International De I/Aca- 

(lemie Polonaise Des Sciences et 
Des Lettres Classe Dea 'Sciences 
Mathematiques et Naturelles, 
Serie A. 

98. Ditto Ditto Serie B. 1. 

94. Ditto Ditto Serie B. 2. 

95. Bulletin International De I7Aca- 

demie Polonaise Des Sciences et 
Des Lettres Classe De Medicine. 

96. Acta Physica Polonica, 

97. Sprawozdania Z posiedzen Towarzy- 

stwa Naukowego Warszawskiego 
(History Literatury). 

98. Ditto (Phisiology) 

99. Ditto (Maternatyczno-fizycznych) 

100. Ditto (Biologicznych) 

101. Bureau of Fisheries (Document) ... 

102. Science Bulletin 

103. Mathematisk-Fysiske Meddelelser 

104. Biologiske Meddelelser 


Publishers. 

Chikovnakaya. 16, Kharkov, HnvicdrRuHHia. 

Kungliga Svenska V(‘tenHka|makad(*mie, 
Stockholm, Swediai. 

Th(‘ Univerrtipq, laiml, Swedcm, 

UniverHitid., (Ipp.Mida, Sw(‘deiK 
Soci(q.<^ DJlistorie Nalurelh* et de 
Physj<|ue, (i(‘n(‘Vti, Swit'/erhmd, 

Acaihanie Polonaist‘ D ch Schmees I't Dew 
Lettr(‘S, (h’acovie, Poland. 

Ditto. 

Iniprimerh* De L’Universiti*, CVacovh\ 
Poland 


Ditto. 

Ditto. 

Ditto. 

Ditto, 

Societe des Scit*n(‘c*a et dea Lettres dt^ 
Yarsovie, Warsaw, Poland 

Ditto. 

Ditto. 

Ditto. 

Tlui CommiHsiomw of Fi-sheries, Washing- 
ton (U. R. A.) 

University of Kansas, Lawreiun*, Kansas 
(U.S.A.) 

Kongelige Danske Vudenskaliermi^s 
Selskaf), Copenhagen, Dmunark. 

Ditto^ 
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JoimuilH. 

105. Con)ptt‘rt-Il(^n(lu.s <1<'S Iravuux Hu 
I^aborafoin* ( Jarlsl)arf»’. 

10(i. MemoirH I/Ara.l(*nii(* Iif>yai 

H(‘iciic<‘H vt (!<' iU^ 

Den mark. 

107. Tran^artioiiH of tin* MiO.iojinl Iti«- 

of Scicmofrt of Inttin, 

108. ProeoetlingM of t\w Nntioniil Inn- 

titiifce of HcionoeH of Itoliiu 

109. Frocjoedingj^ of i\m Iioliiui A<m(lt‘iny 

of HcioiieoH. 

110. ' TranHaetioiiH of feh(! Brmo Il«*Hoiuvh 

InatitiUo. 

111. ElectrofcoehnioB 


112. Stjienco and ( iultun* 

113. Indian ^hy»H^o-^IatlH•nlati{*al flour* 

nal. 

114 Nagpur IJnivorHity Journal 
115. Rcientifin Monograph’^ of tin* Im- 
ia*rial (’ounoil td' AgrioulturH! 
Rimoan’h. 

ll(i. Indian fliuirnal of AgriouUtint! 

1 17. Indian rlournal of V(a.i*rinary Sririic‘f* 

and Animal Hu«!aiiidry. 

118. Travaux Do La Hintion BicJogiquo 

119. Hciantifi^*. Fa para 

120. Helminthological Abatnu^tn 
12L Horticultural Abatnu^tn 

122. Teclinical ( V)mmuui(*ntimirt 

123. Technical (a>mmuni<*ation?* and 

Collected Fapca\s. 


Tim rarl.Hlirrg Liibora^^rium. 

Valby, Denmark, 

Tin* I/Acjtdemie Hoy ale Heiriirr# r| 
doH loHw d«» Dimmarli. 

Tin* HfB'i'etary* Kiilhniiil nt 

HchmceH Ilf Iinliiii I 
(•alciitiit. 

Tim Hecrct4ir>% Imbitn At^adrany of 
F. <b liohbak Hisnunlore. 

Tim I.)irect<n\ Boae llio^enrcli !IJI 

Upper (‘trciilar Homh t 'iileiiilii. 

11m Hecrf’taryf I%lei’tr**lerlinie^> Iminin 
Institute of BeieJiei% I*, <1. Ilrltbilk 
Bangniore. 

The Kecmetary, Hrienre ami i 
Dhununtolla Htreet. Ualeiilljr. 

11ie Iviitor* Indian Fli>''d«'«#''Mutbiuiiiitri4 
tlournab 1 *atetillii, 

11m HegiHtmr, Kagpnr I 'iiiver^^iiy. 

Ini|>erial (‘oinmil of Agrimliiirnl 
Heareli, New Dellii/Simln. 

DifO^ 

Dilio. 

Dire«*toi\ De La Hill I am lliol«igi»|iie, Fnre^ 

Franee. 

National Iteweiirch lu'^aluO’ of iliV'dr'^ 
Aeadiniia Siniea, i Idna. 

Imperial Bureau *d' Agra'tiliiira! 
tology. Hiigliitid 

Imperial Bureau of Fniii lV*'»draii«m» 
K«mi, Fuglnud. 

Imperial Bureau «d s^il hrauier', 
Harpi, mdeu. Huglaml. 

Imperial Bureau ut Aiiuoal Ntiiriiiofi, 
Howeit iuntitut#% iSt'oihiii*!, 
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Journals. 

124. Bulletins of the Imperial Bureau uf 

Plant Genetics. 

125. Plant Breeding’ Abstracts 

126. Ooinptea Rendus (Doklady) 

127. Journal of the Royal Astrononiical 

Society of Canada. 


Ihibliahers. 

Imperial Bureau id' ' Plant Ciiuieties^ 
A bery st w y tli, U n gla n d , 

Imperial Bur(*au <d* Plant C*ent?ties. 

I)e L’Aeademie I)es Sciifnet^s I>e I/lIIiBH, 
Moscou. 

Th<»- Royal AHtrimomiea! Hoei4*ty of 
(Janada. 


APPIiNDIX 5 

JOURNAL SUBSCRIBED BY THE ACADEMY OP SCIENCES 
U.P., DURING THE YEAR 1935. 


PHYSICS 


1. Die Naturwissenschaften, 
23 Jahrgang. 


Hiraclnval<Isch(s Bii(>l)lianilUui«:, liiTlin, 

N. W. 7. 



Af‘i‘KXIMX f. 


LIST 

U.P. 


1 . 

r>. 

(i. 

7 . 

!l. 

10. 

11. 

12, 

18 . 

14 . 

15. 


OF PAPERS READ BEFORE THE ACADEMY OP BCIFNC f S. 
, during the period APRIL. 1935. TO DEC EMBER. 

Tiiyl(»r'« iukI llfin-l'!* !’i>lyjr-*n <.l' SiiiHJimli.liH In Mr, 1 ‘ .I vn! . 

A,llalinlmil 

On II iiKHlifir.t tlii'ory nf I-n-'l '-'i s.si.ur, liF-n- i-y 

Mr. Hiilyninirit Huy. I niv< ! nl’i 

.•xaniiimlif.i. ..f Olvn-n,.- fViarij.I.v)!/. ;.!m1 >!..■ 

n,„l ..f il- n-tiv.^ *» > ’• > Uuti, fi-M.-. AlktwWI 

SnliH' of fiilr»n,'0M lo s.ofh^ Mi S U M . Iv, I ^ » 

I. M S., iiimI Mr. H, Iv, ^fiilo-ri?, M \ " 

New f f if rrr*iHBt»wlii| frfOi* fiofiao 11 ■ 

A rare Solil’iouilv I Shniisiiiii'' IWJ, ilMlfi'i 

iiy Mr. Iliir fluviil Srivio'-iiiva. ‘M \Untmhml 
.filin' f»t" llie fiiiiiily lltfl* ffoiii ii?* 

t'ru^^li-'unM'f by Mr liar Ibiyul 

M.Hr., Alliitiiibiifl riiiveri**ty. 

On the f’hiaiiiejil r‘xisniitiiiiioii of ihe biirk f»f Twiiltiillii 
Part I>-*riie i:4ff!ali*iti ffl" Ariniiifiy by Mr. Iliirltiil AplfWil, liSn* 

anil Mr, S. Miiib IbHc.. AlMtiibid ITwIftwily* 

A of lli« «iMwl tiiilf©riii.l prlticilfilt 0f Stiliiiiimti by llr» Hiilywwlrn, 

liny, M.He., Ijiieliiow IJiiivwily,. 

of ioiii#iiliciii of ,E©.tiiipily4ii«ifMi«ii'i liiyor fil .Ailiitiiiliiifl by 
Miwa Ci li To#fiiiiwiil, iuhJ II I'l Patib M*f§p.., Alliilinbiifl 
HtuiIioiM oti 111© Oiiiiiii ,|j»pilli«Ml©ittlritini by Mr# ll„ lA MMi\, 

A lliibiiliiifl 'llfii'f ©rilty » 

,E#eorcll:if At bMic:»pliitri^ trfiti«friiill*?r by Mr, Ilniii Ibiiiiti .lliijf'iiii, 

Allithabtid llfilfewiiy, 

Stiicliai cm At fiiitiily .liiittphnlicht lOn^leroi^tiimfiin! Ibiri f Mn^rriptioii 
of New ,foTm» frcmi Inilmn fwh wnb*r iishoH by Mr. H. i\ Vitmin, M.H*', 
Allababact University. 

On At 80 called Are© spec its of (’ylintirophis Wiii^bn* by Mr. Ifeiii tliiirini 
Mahendwi, M.fia, Agra Uriivc*rHity^ Agra. 

On Ae Subterranean masa-anoinalieM in Iiniin by Mr. 11. I,.i. Ihilittee, M, ,A., 
Trigonometrical Survey of India, Deliradun. 

On the application of Ueavi«id«/a inafcliod to the firobleni of vibriiticiiw cif 
pionoforte String by Dr, R. N. Ohonh, and Mr. L. F. Verriiiii 

Allahabad ’U n i versi ty . 
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16. New Aniphistomatous paruHiteH from an Indian frtwli wiikT finli, by Mr. Ilnr 

Dayal Srivastava, M.Sc., Allahal)a(l Univernlty. 

17. The absorption spectra of the vapour of the oxidcm of (‘upper, iron, nitdcel and 

cobaltand the determination of their heata of Hubliination by Mr. Ilnshikeshii 
Trivecli, M.Sc., Allahabad University. 

,18. The absorption Spectra of the vai)our of the monomdphidea of iron, nickel, 
cobalt and copper and the d<'tta-ininatlon of their heats of Sublimation by 
Mr. Hrishikesha Trivedi, M.Sc,, Allahabad University, 

19. Tlie chemical examination of the fruita of laigenarla Vnlgaria Scringe {bifck*r 

variety) Part I— The constituentn of fcim oil from tlic^ seeds t>y Mr. Iladha 
Raman Agarwal, M.S(;., and Dr. Slnklnhhiwan Dutt, D.Se., Alltdiabad 
University. 

20. Colour and constitution of (lyestuffs derived from Fluoreiione I»y Mr. Mohit 

Kumar Mukc.'rji, M.Sc, and Dr. Shikhiblnisan Dnit, D.Se., Allahtibatl 
University. 

21. New trematodes of the family Lecithodendriidae (hlhrun; 191 1, with a din- 

cusBion on tlio (dassification of the family by Dr. H. E. Mtdira, ITlD., 
A llahahad U n i versify . 

22. Prelimiiuiry account of new tr(unato(h»H with Ani by Mr. S. ( I Varma, BlHe., 

Allahabad University, 

2B. A note on the colouring inatt(‘r of the tlower.s of l^antium (jamera, Unn by 
Mr. eJagraj Behari Lai, M,8e., AlWmbad University. 

24. Studies in nitrogen fixation in soil by Dr, N. E Dhan D.Se., F. I. C., and 

Mr. S. K. Mukerji, M.Sc., Allaliabad tJniversity. 

25. The nitrogen Atom and the mohjcule by Mr. h, S. Mathur, M.Sc., Allahabad 

University, and Dr. P. K. Scmgnpta, D.Sc., Eaja Earn ihlkm Kolhapur 
(Bombay). 

2b. Contributions to the Digeneti<*, Ireinatoda ol tlu^ Mhfruidiertjpteru uf northern 
India, Part III- New Distomes of tin* genus Mesodemirium Faust, IflHI 
by Mr. B. P. Pande, M.S(^ Allahabad Uaivarsity. 

27. On evidences for a lag effkd iu Zeuner’s (lata on saturated water vapour in 

Landolt and Bonistein’s tablcH by Mr. Satyendra Eay, M.He., Iai(*know 
University, 

28. On evidences of tidal wave.s in an insulated molten interim- us obtained 

in some recent severe eartluiaakes by Mr. Satyendra Ray, M.He., Imeknow 
University. 

29. On Sir Shah Sulaiman’a tlieory by Mr. I). R, Kharmu. M.Se., Ik-nareH 

Hindu University. 

30. The mathematical theory of a New Relativity by tin* Hon’lde Sir Shnln 

Mohammad Sulaiman. Kt., Chief Justice, High Court, Allahabatl 

31. Self acceleration or self retardation ? The KinematicH of Sulaiman and tho 

dynamics of Newton by Mr. Satyendra Ray, M.Sc., Lucknow 
University. 



{ m ) 

32. Onivitoii or BlJir Htroittuitift liy Mr. Umv. M Mr . 

ii'i Till* llif^ory t»l’ iiii4 

A«fcr«,»|>liyi*ic'H by Mr, Itny, Liiiiui**%i’ I 

H4. Tim Clwtiiifitl iixiiiDiriiirinii of IbimiroiiVit m Ikmlmmm 
Purl It by Mr, Eiitll'iti Eiimiiti .Affirwiil, mol l'»r 

DBct., Alliitiiibiici IJtilvorwiy. 

B5. On iimphl8toiiii» willi wiilml imm Iiitllit hy Mr. li l%mh\ 

Allihitlmil IJtiifiriiily, 

BO, Tim iibiorplioti »«jircitrtiiti of liyilrrigrii rliliirMo iiicil#i»iilr iiiol ii^ mmm’ 
uostiiblo ilali\ by Mr. Urbliikoi^toi Tritodi, Albitmtwoi I’liitwllf, 

37, Naw Hatriioricln (Troiiiiiloiln) from Iioliiiii tojirijio Ibiri I Ilf |lr> lint* 

Drtyiil Bririifttiwa, M.B<% Alliibiibiyt llnivorf*ity, 

B8. Ntnv Alloeroit<li(k (Troruntoilii) frotn tin* ItHliriti iiiitriio* I^iirl 1 

by M'r. Ilnr Doyol Brivimtnvn, M.Htv, Alliibiitiml Ifoivor^liy. 

39. On u (iunntuin moohnni^rn in i^nlniinniiV graviton by Mr Bniynolra 

Kay, M.Sr, Luoknow Univor#«ily. 

40. On Uvo now Xi|'»hi<!i«K*oroar!n from tin* of»mmi»rt fi'o**ii witter 

norliiH oKustrUH { DoMhav**?-) of nort!n*r*i Imlin by Mr A, M. llllo/arb*,, 'M Br,, 
Allabalaul Ibiivorj^ity. 

41. U.^n (jf nioln.M.'^oH in tin* roolmtiati^m of alkali ami lamU bv |lr \ II 

l)luu\ D.Bo^anci Mr. H, K. Mnkorji. M.Si*. Altaloibml t'niv*iofv 

42. A uot(* on Hir SImh Mohamnnnl Btilaimnn'.?^ mnv ihr**ry of n'-bibvily* by 

Mr, H. Dumlo, M.Ho, Ailnlntbinl l‘niv«a>iiy. 

43. Inflm'mn? of tompi*rat.nr«‘ «m tin* fixntioii of niirogoo i»y AKoloInnior by 

Dr K. IL Dlinr, D.So.* ami Mr, g, P, Tamloti, M.Ho., AlliibaInnI iTilfor»ii.y* 

44. goiiibilia ami timir mio in eo|itilntioii in Kpihit'hfm witli ii 

on tim mor|ibol«>gy of tlio gmirtnlia in fin* family l»y Mr. H. Prmlliiin, M,Hr, 
IiU<*know Onivc'ffiity. 

45. Tim nl)Hor|)iiolf» i|Hic5irnm of hyilrognii broriiiib* moloiaib^ ami n|»|irr 

Htato liy Mr Hrkbikwhii Trivnill, M.Ko., Allahnlunl tbiiv«*rf*ity. 

40, On two muliially ecmlnnlietory iiitiT|iroliiikmH of baimMnii liim rimnoiil by 
Rnlaimim by Mr SiUyomtra Ray, M.Br„ Imrkimw Pniv«i‘?*ily. 

47. On aonm b)liic*n Sulphonyl i»i^b‘ra o |ilmnoD by Dr S. M Sam% Pb.D,. nml 

Atr A. B. Son, M.Hr,,' lairknow Univor?*ity. 

48. \hn4nti<ni of PhyHictd |m>|H‘rtk*H <4mngo in ooimt-iitralnm *4' nnltr nrnl 

Holntion l>y Mr M. R. NiiycT, B.Ho., Limknow 

49. Nocesmry ami Huffi(*i(»nt condition for tin* onmility of 

b h 

//■(•'*. ?/y» iuhI f '/ir 

a J 

by Mr Umn KanlRluikla, M.Hc,, Dnokimw thtivorBitv, 
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50. On the relationship between the Bolublo fatfey iienls ainl the potiinh eqnivnletit 

of acids giving barium salts by Dr. B. M. (hipta, Fh.ll,, Dt'puiy Fublic 
analyst to Government of II. F,, Lucknow. 

51. Influence! of lyophillic colloids on tlu! wettability of Na|dmtlialin Ijy Dr. A, 

Oliatterji, D.Se., Dr. Ing% laKdcnow University. 

52. A note on general liiK! clenamt by Mr. \h V. Narlikar, M.A ^ and Mr. I), N. 

Moghe, M.kS(‘., Benar(‘s Hindu UnivcTsity. 

5.8. Tb(! field of a, non.'^tati(* .splaa’ical con<l(‘nsati«>n Ijy Messrs D. X. Mogbi% M.He., 
and li, V. 8nstry, M.8c., Benare.s Hindu Univer.'*«ity. 

5t. The first Univta’sal principh* id* Htilainmn, by Mr. Satyendra Iia>\ iM,H«*., 
I auik n ow LI n i V(!rHi ty , 

55. On the convergence arul tin! suminnbility of thc» conjugate sewles of the ilerlved 

Fourier scric^s, by Mr. K. L. Gupta, M.Sc, Allahabad University. 

56. Hydrogen ion c.onc(*ntration ainl titrable acidity at difrer<*nt stages (d fnn't 

ripening, by Mr N. Id. Fal, Allahabad University. 

57. The quantum .statistics and internal con.stitution <d‘ planets, by Dr. D. S, 

Kotbari, IMnI)., Ibdhi University, and Dr. !{.(’, Majuindar, FlnlL, Ihinjnb 
UniverBity. 

L8t a critical review of the current theories of the aetive nitrogen phenoinenr»n, by 
Dr. M. N. 8aha, D.Sc., F.U.K, and Mr, L. S. .Matlun’i M.Sc., Allabnbad 
University. 

59. The study of the absorption spectra of lca«l fluoride*, Ijy Mr. M. H. Desid, 

M.T.B. College, Surat. 

00. Utilization of waste yegetation I. Gasification of Frlcddy pear (GpMntin 

Dillixui), by Dr. B, B. Srikantan, D.Bc., Andhra University and H liitngnchari^ 
M.Sc., Engineering College, Madras. 

01. On BulaimaiFs Single dourney method, hy Mr. Batyimdr.i Bay, 

Luck no w U n i vc^rsity. 



Financial Statement from 1st April 1935 to 31st March, 1936. 
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